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CHAPTER  I 
INTRODUCTION 

The  attention  of  every  teacher  of  arithmetic  has  at  some  time 
or  other  been  directed  to  the  fact  that  pupils  have  unusual  difficulties 
with  the  solution  of  the  written  problem,  and  that  they  achieve  consider- 
ably more  unsatisfactory  results  in  written  problems  than  in  the  funda- 
mentals.   The  truth  of  this  has  been  substantiated  by  the  results  ob- 
tained in  numerous  scientific  tests.— ^  Success  in  the  fundamental  opera- 
tions is  no  guarantee  of  satisfactory  results  in  arithmetical  situations 
involving  the  type  of  reactions  demanded  in  the  solution  of  the  written 
problem.    This  may  be  due  to  the  fact  that  the  usual  type  of  verbal  prob- 
lem as  found  in  the  arithmetic  textbook  gives  rise  to  two  general  types, 
namely,  those  which  involve  situations  that  arise  in  the  affairs  of 
everyday  life,  and  those  which  pertain  to  the  recreational  or  puzzle- 
type  problem. 

Of  the  practical  problems  some  are  of  a  general  nature  and  in 
the  past  the  assumption  has  been  that  they  should  be  unierstood  by  every- 
body; others  involve  technicalities  which  perhaps  do  not  warrant  the  ex- 
penditure of  time  now  set  aside  for  them. 

The  aims  and  objectives  of  the  teaching  of  problem- solving  in 

the  centuries  past  seem  to  have  been  many  and  varied.    Changing  with  the 

1/  Kramer*:  The  kffect  of  Certain  Factors  in  the  Verbal  Arithmetic  Prob- 
lem upon  Children's  Success  in  the  Solution,  pp.  88-90 
*(A  complete  bibliography  will  be  found  in  Chapter  VI,  pages  125-177. 


passing  years  they  have  nevertheless  left  their  stamp  upon  the  teaching 
of  the  written  problem  of  today. 

In  the  monastic  schools  of  the  Middle  Ages  the  chief  aim  was 
to  teach  the  science  of  numbers,  an  aim  which  hasn't  disappeared  com- 
pletely as  yet  from  our  schools.      "Arithmetic  was  taught  as  a  body  of 
facts  and  rules  about  numbers.      The  pupils  first  learned  the  rule  and 
then  solved  problems  based  on  that  rule.'^    :Ihen  People  began  to  ques- 
tion the  utility  of  the  material  taught,  educators  "called  to  their  aid 
the  psychological  doctrine  of  formal  discipline.    Under  such  a  doctrine 

it  would  make  little  difference  what  is  taught  just  as  long  as  it  is  not 
2/ 

easy".-  Much  time  was  spent  upon  analysis  and  explanation.  A  pupil  was 
expected  to  be  able  to  explain  and  analyze  the  puzzle-type  problem.  Much 
of  this  method  is  still  in  our  schools.  Eventually,  however,  business 
and  practical  men  protested  against  the  useless  material  taught  in  arith- 
metic until  today  educators  "have  come  to  realize  that  it  is  the  business 
of  the  schools  not  to  teach  the  science  of  arithmetic  as  such  to  the 

pupils, but  rather  through  the  teaching  of  arithmetic  to  prepare  the  pupils 

3/  4/ 
for  life".-     By  this  is  meant,— 

(a)  MTo  equip  the  pupils  with  the  facts,  ideas, 
and  processes  needed  in  everyday  life;  (b)  to  provide 
an  automatic  control  of  the  fundamentals;   (c)  to  de- 
velops the  power  to  apply  the  fundamentals  to  concrete 
situations;   (d)  to  develop  the  ability  to  think  and 
the  habit  of  thinking." 

7iTe  find  the  written  problem  of  the  past  to  be  in  constant  sub- 

1/  Overman:  Principles  and  Methods  of  Teaching  Arithmetic,    pp.  5-13 

(Overman,  a  secondary  source,  does  not  give  the  basis  for  this  statement) 
Zj  Overman:  loc.  cit. 
3/  Overman:  loc.  cit. 
4/  Overman:  loc.  cit. 
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ordination  to  the  process  steps  under  consideration.     It  is  apparent  the 
aim  of  the  written  problem  was  disguised  drill.      I'his  type  of  problem 
(Mother  gave  John  lOc7,  Daddy  gave  5^.    How  much  did  he  have?)  ,  was 
generally  accepted  and  had  tne  apparent  approval  of  all  textbook 
writers,  except  A'clvlurray  and  Benson.—^    From  the  standpoint  of  purpose 
one  could  not  help  but  be  critical  and  as  a  result  the  type  of  problem 
to  De  included  was  changed.    The  present  tendency  is  to  discard  the 
traditional  problem  and  replace  it  by  informational  units.    The  purpose 
of  the  informational  unit  is  not  the  manipulation  of  figures.     It  is  a 
sizeable  opportunity  on  a  functional  basis  to  think  through  and  reach 
conclusions  pertaining  to  business  situations.      'i'he  aim  is  to  make  the 
whole  subject  of  arithmetic  meaningful  to  the  child. 

PROBLBI-'  OR  All, J:     The  problem  of  this  thesis  is  A  Summation, 
in  the  Light  of  Reflective  Thinking,  of  Research  and  the  Changing  Text- 
book iinphasis  in  the  Field  of  the  Written  Problem  of  Arithmetic.  This 
will  lead  up  to  and  involve  a  synopsis  of  the  research  done  in  the 
field  of  the  written  problem.      The  final  result  should  give  the  reader 
a  critical  view  of  the  written  problem  of  the  textbook  and  of  research 
on  written  problems. 

At  this  time  it  is  desirous  to  delimit  the  problem  by  defin- 
ing the  terms:    First,  reflective  thinking  is  thought  "bent  on  solving 

a  problem,  on  finding  out  the  meaning  of  a  perplexing  situation,  or 

2/ 

reaching  a  conclusion  which  is  trustworthy".—     jewey  refers  to  reflec- 
1/ I'd Jurray  dc  Benson:  Social  Arithmetic. 

Zl  Columbia  Associates  in  Philosophy:  An  Introduction  to  Reflective 
Thinking,    p.  2. 


tiTe  thinking  as  "active,  persistent,  and  careful  consideration  of  any 

belief  or  supposed  form  of  knowledge  in  the  light  of  the  grounds  that 

support  it  and  the  further  conclusion  to  which  it  tends".  — ^  Second, 

research  is  the  "search  for  truth  and  the  discovery  of  facts  not  the 
2/ 

rediscovery".  —       Third,  to  differentiate,  on  a  clear  basis,  between  prob- 
lem and  example,  each  is  defined  as  follows:  The  example  consists  of  fig- 
24 

ures  only  as  /  3$       The  problem  unit,  on  a  functional  basis,  is  a  sizeable 
opportunity  to  think  through  and  reach  conclusions  on  a  business  situation 
such  as:  In  a  family  of  five,  with  an  income  of  forty  dollars  a  week,  how 
much  should  be  spent  for  food  and  what  should  it  be  spent  for?     The  tradi- 
tional so-called  problem  is  merely  an  example  in  words,  such  as:    If  I  pay 
24#  a  package  for  cream  of  wheat  and  36#  for  a  pound  of  butter,  how  much 
do  I  owe  the  clerk? 

PLAN  OF  TRZATZJENT  IN  THE  DEVELOPMENT  OF  THIS  STUDY :      The  practical  pro- 
cedure in  dealing  with  the  material  was  as  follows:    A  bibliography  was 
built  up  through  a  canvas  of  every  available  source  of  reference  at  the 
disposal  of  the  writer  and  an  outline  was  developed.      This  was  divided  in- 
to seven  chapters.    Chapter  One  is  the  Introduction  and  is  subdivided  into 
four  sections:      One,  the  aims  and  objectives  of  the  teaching  of  the  arith- 
metic problem;  two,  reflective  thinking  as  applied  to  the  written  problem; 
three,  the  aim  of  this  study;  and  four,  the  plan  of  treatment  in  the  de- 
velopment of  this  study. 

1/  Dewey:  How  We  Think,    p.  6. 

Z/  Hanson:    Class  notes.    Boston  Jniversity  Course  in  Methodology  of 
Research,    summer  Session,  1937. 


Chapter  Two  treats  of  the  'Written  Problem  in  Arithmetic.  This 
is  subdivided  into  three  sections:  One,  the  history  of  written  problems 
in  textbooks,  the  purpose  of  which  is  to  give  the  necessary  background 
of  the  verbal  problems,  supported  by  changing  textbook  emphasis;  two,  the 
development  of  criteria  of  the  written  problem,  the  object  of  which  is  to 
set  forth  the  reasons  for  problems  and  the  method  of  problem- solving  as 
well  as  the  weaknessess  of  both  throughout  the  last  one  hundred  years; 
three,  the  attempts  of  different  leaders,  to  put  the  solution  of  the  written 
problem  on  a  functional  basis,    i'he  final  step  in  this  development  is  the 
forming  of  problem  units  based  upon  the  experience  of  the  children. 

Chapter  Three  undertakes  a  general  survey  of  the  controversial 
and  critical  literature  on  the  written  problem  phases  of  arithmetic  at  the 
disposal  of  the  writer.    Two  types  of  materials  comprise  this  section, 
namely,  those  which  may  be  termed  controversial  and  which  treat  strictly 
of  pros  and  cons  in  an  effort  to  support  an  announced  position;  those  which 
are  critical  discussions  based  upon  opinion  gathered  from  keen  observations 
but  not  based  upon  tabulated  data. 

Chapters  Four  and  Five  include  the  Scientific  Research  on  Jritten 
Problems.    Chapter  Pour  reports  the  research  and  controlled  experimentation, 
namely,  those  which  are  research  supported  by  adequate  data  leading  to  a 
conclusion.    Chapter  Five  reports  the  functional  written  problem  units, 
those  which  have  the  objective  viewpoint  and  demonstrate  the  possibility  of 
the  informational  unit  as  a  means  of  eliminating  the  large  percentage  of 
failures  due  to  the  traditional  written  problem 


i 

I 


Chapter  Six    ^eals  with  the  summary  and  conclusion  of  the 
thesis.    It  admits  the  limitations  and  suggests  further  research  on  the 
written  problem  phase  of  arithmetic. 

Chapter  Sevan  contains  a  compilation  of  an  annotated  biblio- 
graphy of  the  studies  and  researches  made  in  the  field  of  the  written 
problem. 

The  writer  has  teec  helped  greatly  in  trying  to  work  out  the 
problem  of  this  thesis  and  ventures  the  hope  that  it  may  carry  value  for 
those  who  read  it.    The  author  has  been  carried  steadily  in  the  direction 
of  the  following  basic  conclusions,  viz.,  —  that  only  those  problems 
based  upon  the  experience  of  the  child  can  help  him  toward  judgment  in 
business  which  is  the  real  purpose  of  written  problem  units;  that  the 
isolated  textbook  problem  of  today  should  be  abandoned  and  replaced  by 
sizeable  business  units  which  will  extend  the  pupil's  experience  and 
give  him  a  method  of  working  on  actual  situations  which  may  confront 
him  now  or  in  later  life. 


• 

CHAPTER  II 


THE  WRITTEN  PROBLEM  IN  ARITHMETIC 


The  History  of  7/ritten  Problems  in  Textbooks 


When  we  consider  the  increase  in  the  study  of  the  problem- 
solving  in  this  country  especially  since  the  beginning  of  the  twentieth 
century,  we  may  be  tempted  to  feel  that  the  subject  had  no  history 
prior  to  that  time.    A  survey  of  the  history  of  written  problems  re- 
veals  that  this  was  not  the  case. 

Up  to  the  nineteenth  century,  arithmetic  was  a  very  much 
neglected  subject.    It  was  looked  upon  as  inferior  to  other  school  sub- 
jects and  was  hardly  considered  an  important  factor  in  a  liberal  educa- 
tion.   The  subject  taught  but  little  more  than  mechanical  manipulation 
of  figures  and  was  attractive  only  to  commercial  classes.      As  a  re- 

1/ 

suit,  pupils  in  general  remained  ignorant  of  the  art  of  computation. 

"In  the  United  States  the  first  extended  treat- 
ment of  arithmetic  was  the  work  of  the  dominating  per- 
sonality in  the  early  history  of  printing  in  New  York, 
..illiam  Bradford.    His  treatise,  The  Secretary's  Guide, 
appeared  in  1705,  and  enjoyed  at  least  seven  editions. 
In  Part  II,  we  have  'Arithmetick  made  easie',  which 
mirrors  in  the  past  a  present  American  tendency.  A 
similar  rork  ty  one  George  Fisher,  xhe  American  Instruc- 
tor; or,  Young  rjen's  Best  Companion,  was  based  on  an 
English  Text;  it  appeared  first  in  America  at  Phila- 
delphia in  1748.    The  first  arithmetic  as  a  separate 

1/  Breslich:  Arithmetic  100  Years  xigo.    p.  664.  (No  basis  was  given  for 
this  statement.) 


treatise  printed  in  the  United  States  was  Hodder's 
Aritbmetick,  published  at  Boston  in  1719.  Isaac 
Greenwood,  Professor  of  Mathematics  at  Harvard 
from  1727  to  1738,  published  the  first  arithmetic 
by  an  American  in  1729  calling  it  Arithmetic,  Vul- 
gar and  Decimal,  with  the  Application  to  a  Variety 
of  cases  in  I'rade  and  Commerce." 


"In  the  second  half  of  the  seventeenth  century 
children  were  taught  to  'cypher'  and  frequently  'to 
cast  accounts'  in  many  of  the  free  schools  of  New 
iSngland  and  New  Amsterdam.    Nevertheless,  arithmetic 
was  not  required  for  college  entrance  until  the 
middle  of  the  eighteenth  century.    John  Burnham's 
Arithmetick  Bor  the  Use  of  farmers  and  Country 
People ,  New  London,  1748,  is  worthy  of  mention,  al- 
though no  copy  has  been  preserved."  — ' 

In  1788,  Nicholas  Pike,  A.M*  printed  by  subscription  his  New 

and  Complete  System  of  Arithmetic  which  became  the  popular  American 

arithmetic  of  the  eighteenth  century  and  remained  such  well  into  the 

3/ 

nineteenth  century.—     Nine  years  later  a  second  edition,  revised,  en- 
larged, and  corrected  by  iSbenezer  Adams,  A.M. ,  preceptor  of  Leicester 
Academy,  was  printed  at  Vorcester,  Massachusetts,    •i'he  author  secured 
in  1785  and  1786  letters  of  recommendation  from  J.  ".Theelock,  President 
of  Dartmouth  University;  B.  7/oodward,  Professor  of  mathematics  and 
philosophy;  and  from  John  Smith,  Professor  of  the  learned  languages. 
Strong  testimonials  from  the  presidents  of  Yale  and  Harvard,  dated  1786, 
and  compliments  from  General  .vashington  are  recorded  for  the  author's 
performance  in  the  "direction  of  sound  learning".— 

The  following  are  two  illustrative  problems  which  depict  the 
general  plan  of  that  early  period.    We  find  (a)  the  rule,  (b)  an  example 

l/Xarpinski :  The  History  of  arithmetic,    p.  81. 
2/lbid:     p.  82*83. 
3/Karpinski:  loc.  cit 

4/Greenwood:  Bvolution  of  arithmetic  in  the  United  States,    p.  193. 


to  which  the  rule  is  to  be  applied,  and  (c)  the  solution. 

■  eights  and  Measures  — ' 

To  Find  the  Number  of  rons  of  :  :eadow  Hay  Raked  into  ./indrows. 

Rule:  I  Multiply  the  length  of  the  windrow  in  yards  by  the  width 
in  yards,  and  that  product  by  the  height  in  yards,  and 
divide  by  25;  the  quotient  will  be  the  number  of  tons 
in  the  windrow. 

Example :  How  many  tons  of  hay  in  a  windrow  40  yards  long  by 
2  yards  wide  and  2  yards  high? 

Solution:  40  x  2  x  2  equals  160  divided  by  25  equals  6  2/5  answer. 


To  Find  the  Number  of  Tons  of  Hay  in  a  l.Iow 

Rule:  l.'ultiply  the  length  in  yards  by  the  height  in  yards,  and 
that  by  the  width  in  yards  and  divide  the  product  by  15; 
the  quotient  will  be  the  number  of  tons. 

Example :  How  many  tons  of  well- set tied  hay  in  a  mow  10  yards 
long  by  6  yards  wide  and  8  yards  high? 

Solut ion:  10  x  6  x  8  equals  480  divided  by  15  equals  32  tons. 

"With  the  rise  in  trade  and  commerce  and  manufactur- 
ing after  about  1820,  the  building  of  canals  and  railways 
after  about  1825,  the  expansion  and  development  of  the 
country,  and  the  beginnings  of  business  before  undreamed 
of,  arithmetic  gradually  came  to  occupy  a  place  of  first 
importance  in  the  work  of  the  elementary  schools  of  the 
United  States.    All  these  new  forces  were  supplemented 
too  by  a  conception  that  had  by  then  taken  deep  hold 
with  our  people,  namely,  that  drill  work  was  good  mental 
discipline,  and  for  this  arithmetic  and  grammar  vied 
with  each  other  for  the  prime  position  in  the  school."  zj 

The  real  reform  in  the  teaching  of  arithmetic  in  the  United 

States  began  when  Tarren  Colburn  published  his  Intellectual  Arithmetic 


1/  How  to  B««ome  ^uick  at  Figures,    p.  99. 

2/  Ilewcomb:  I.'odern  Methods  of  'reaching  Arithmetic,    p.  vi. 


in  1821.    From  that  time  until  today  the  process  of  improving  the  methods 

1/ 

and  content  of  the  course  has  gone  on  steadily,  although  often  slowly.- 
This,  at  least,  is  the  opinion  of  one  recognized  author. 

Colburn's  work  revolutionized  the  organization  of  arithmetic 
texts.    Rules  were  omitted  and  emphasis  was  placed  upon  mental  process- 
es.   He  believed  that  a  child,  who  knows  that  he  is  not  to  be  told,  will 
learn  to  depend  upon  hi- self  and  when  he  once  contracts  the  habit  of 
understanding  what  he  does,  will  not  easily  be  prevailed  on  to  do  any- 
thing he  does  not  understand.     "Propaganda  flourishes  among  people  who 
have  not  been  trained  to  think  so  that  there  is  great  opportunity  for 
engendring  in  the  minds  of  our  youth  a  most  necessary  ideal  that  of 
understanding  a  complex  situation  before  reacting  to  it."  Furthermore 

the  habit  of  expressing  ideas  properly  and  readily  and  the  recognition 

2/ 

of  the  value  of  teaching  pupils  to  study  were  upheld  by  him.- 

In  1831,  .Tarren  Colburn,  A.M.,  published  a  sequel  to  his 

Intellectual  Arithmetic,  based  on  the  inductive  method  of  instruction. 

It  appears  that  G.  B.  Jmerson,  then  principal  of  the  Znglish  Classical 

School,  Boston,  Massachusetts,  had  read  the  manuscript  before  it  was 

printed  and  his  unique  testamonial  follows: 

"I  have  carefully  examined  a  large  portion  of 
your  manuscript  and  do  not  hesitate  to  recommend  it 
very  highly  to  every  person  who  wishes  to  teach 
arithmetic  intelligibly.    She  arrangement  is  very 
much  better,  the  explanations  more  convincing,  and 
the  rules,  from  the  mode  in  which  they  are  intro- 
duced, are  clearer  and  simplier,  than  can  be  found 
in  any  book  on  the  subject  with  which  I  am  acquaint- 
ed."   G.  B.  ilmerson.  — ' 

1/Breslich:  op.  cit.  p.  664. 

2/Anderson:  .Tritten  Problems  in  Arithmetic  Textbooks,  1808-1930.  pp. 532-5. 
3/Colburn:  Arithmetic  Upon  the  Inductive  Method  of  Instruction.  Preface. 


From  Colburn's  book  a  few  typical  problems  are  quoted: 
(P.  218  #66)  V/hat  will  17L,  13S,  16D  amount  to  in  5  years,  3  months,  at 
6%  compound  interest? 

(P.  218  #73)  How  many  gallons  of  rum,  at  30.60  per  gallon  will  come  to 
as  much  as  43  gallons  will  come  to  at  30.75  per  gallon? 
(P.  91  #59)    Find  toe  value  of  .8438  of  a  solid  foot  in  solid  inches. 
(P.  91  #53)  Reduce  4.634L  to  pence. 

(P.  90  #43)  How  many  cwt.  of  cotton  in  5  2/5  bales,  each  bale  contain- 
ing 4  cwt.,  3  grs.,  7  lbs.? 

(P.  85  §9)  A  man  owing  342  64/125  L  paid  187  4/15  L.    How  much  did  he 
owe  then? 

(P.  84  #33)  ..7rite  the  fraction  in  the  form  of  a  decimal  98  6004/1000000 

(P.  71  #78)  Jhat  part  of  137  2/53  is  97  3/28? 

It  was  in  1848  that  Professor  Claudius  Grozet,  Professor  of 

Engineering  at  r/est  Point,  later  Chief  -Engineer  of  the  states  of 

Louisiana  and  Virginia,  published  in  tr.e  latter  state  An  Arithmetic 

For  Schools  and  Colleges.    It  was  a  model  of  simplicity,  clearness,  and 

elegance  indicating  the  facility  with  which  he  could  put  his  thoughts 

on  paper.    No  expression  was  equivocal  and  he  combined  the  elegance  of 

1/ 

the  French  method  with  the  practical  side  of  American  oatters.- 

The  well  renowned  statesman  and  educator  of  Massachusetts, 
Horace  Mann ,  believed  in  teaching  applied  arithmetic.    He  brought  out 
a  new  scheme  mentally  in  1850,  and  explained  it  to  Pliny  S.  Chase,  who 
1/  Greenwood:  op.  cit.  p.  200. 


undertook  to  embody  the  ideas  in  a  book.      arithmetic  Practically 
Applied,  by  Horace  Mann  and  Pliny  B«  Chase  was  published  in  Philadelphia. 
"To  teach  important  and  valuable  information  along  with  the  arithmetic 
exercises"  was  the  plan  adhered  to  in  this  book  because  Horace  Mann  be- 
lieved most  thoroughly  that  arithmetic  should  embrace  something  more 
than  the  market  price  of  com  lOdities ,  or  to  add  or  subtract  the  number 
of  apples  or  of  cakes  in  the  possession  of  James,  John  or  Joe.    He  would 
apply  the  science  of  numbers  in  the  best  possible  manner  to  useful  and 
important  knowledge.    He  asked,  "Why  not  add  together  the  population  of 
the  different  States  of  the  Union,  or  of  the  different  nations  of  Europe, 
or  of  the  world  and  thus  learn  the  population  of  the  whole  earth,  as  well 
as  to  add  naked  columns  of  abstract  figures?"      Notwithstanding  the  many 
sensible  things  that  Horace  Mann  advocated  as  to  the  character  of  the 
matter  he  incorporated  in  his  book,  there  is  little  evidence  that  the 

1, 

book  ever  obtainec  any  recogniation  among  the  educators  of  this  country." 
It  appears,  either  that  the  new  idea  was  not  correct,  or  that  the  con- 
suming public  was  not  ready  for  it. 

Typical  problems  of  the  puzzle-type  as  found  in  an  arithmetic 

2/ 

textbook  of  1864  are  as  follows:"- 

(P.  91  #130 )  .That  part  of  365-4"  days  are  349  days,  8  hours,  52  minutes, 
10  10 /E3  seconds? 

(P.  91  -0.31)  The  Connecticut  River,  which  is  60  rod,  10  feet  wide  at  a 
certain  place,  has  an  average  depth  of  10  feet  and  runs  at  the  rate  of 
1/Greenwood:  op.  cit.  p.  197. 

2/Fish:  Arithmetical  Examples,  or  Test  Exercises  for  the  Use  of  Advanced 
Classes.  1864.  (Robinson  Series) 


3  3/4  miles  per  hour.     In  what  time  will  it  discharge  a  cubic  mile  of 
water? 

(P.  93  #151)  The  largest  bell  in  the  world  is  that  of  ivjoscow,  which 
weighs  192  tons  17  cwt.  16  lb.;  the  great  bell  of  St.  Paul's  weighs 
5  tons  2  cwt.  1  gr.  22  lb.    How  many  bells  of  the  latter  weight  could 
be  made  of  the  former? 

(P.  93  #152)  If  a  train  of  cars  tuove  with  an  average  velocity  of  32  miles 
5  fur.  20  rd.  in  1  hour  20  minutes,  how  far  will  it  move  in  3  hours  36 
minutes? 

(P.  93  #157)  There  are  on  an  average  45  letters  and  points  in  each  line, 
If  the  hand  moved  over  a  distance  of  3  feet  in  setting  each  type,  how 
far  did  the  compositor's  hand  travel  in  setting  up  the  book? 
(P.  99  #209)  The  average  fall  of  rain  at  .."orcester,  Massachusetts,  is 
43.92  inches;  of  snow  53.5  inches;  allowing  5  inches  of  snow  to  make  one 
of  rain,  how  many  hogsheads  of  water  fell  annually  upon  a  roof  40  feet 
long  by  30  feet  wide? 

(P.  103  #243)  A  bowlder,  containing  2/3  of  6/9  of  23  4/7  cubic  feet  is 
what  fraction  of  a  perch? 

Strange  but  true  the  effect  of  the  Civil  War  on  Arithmetic 
was  far  reaching.    New  conditions  were  introduced, and  the  various  kinds 
of  stocks  and  bonds  which  flooded  the  markets,  inflated  the  pages  of 
American  arithmetics  to  an  alarming  extent  as  compared  with  the  former 
arithmetics  or  modern  foreign  textbooks.     In  time  about  one-fourth  of 
the  common  arithmetic  was  usually  devoted  to  "Percentage  and  its  appli- 
cations".   There  gradually  developed  a  tendency  in  the  opposite  direc- 
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1/ 

tion  natnely  the  omission  of  that  which  was  not  absolutely  essential. 

One  author  notes  the  development  of  a  stagnant  period  for  arithmetic 

^  2/ 

and  a  relapse  to  the  old  lo-ical  deductive  order  of  1800.— 

As  long  as  the  classics  remained  the  important  item  in  the 

curriculum,  arithmetic  had  an  inferior  place  in  school  work.     Fith  the 

development  of  modern  commerce  and  industry,  the  value  of  arithmetic  was 

more  and  more  recognized.    I'he  view  spread  in  this  country  that  this 

practical  importance  of  the  subject  made  it  necessary  that  a  large  a- 

mount  of  time  should  be  allotted  to  it  in  the  curriculum,  another 

reason  for  the  great  amount  of  time  and  energy  devoted  to  instruction 

in  arithmetic  was  the  idea  as  previously  noted  that  mathematics  is 

especially  valuable  for  formal  training.    According  to  many  educators 

3/ 

no  other  subject  could  give  such  excellent  mental  discipline."- 

It  was  at  the  Proceedings  of  the  National  Educational  Associa- 
tion in  1904  that  the  "Desirable  Omissions  of  Arithmetic",  a  general 

4/ 

criticism  of  what  we  are  doing,  was  discussed  by  Dr.  Frank  '.  o  'urray.  He 
termed  .TiOst  of  the  problems  unreal  or  artificial.    This  was  the  beginning 
of  the  criticism  of  the  work  of  arithmetic  in  the  schools.    L'cMurray  ad- 
vocated the  omission  of  the  puzzle-type  problem  which  follows:  "A 
fellow  said  that  when  he  counted  his  nuts  2  by  2,  3  by  3,  4  by  4,  5  by 

5,  6  by  6,  there  was  still  an  odd  one,  out  when  he  told  them  7  by  7  they 

5  ' 

came  out  even.    How  many  had  he?"  — 

f  1/  Greenwood:  op.  cit.  p.  201. 

Zj  Anderson:    op.  cit.  p.  532-35. 

3/  Burnham:  Arithmetic  and  School  Hygiene,    p.  56. 

y  McMurrayrWhat  Omissions  Are  Advisable  in  the  Present  Course  of  Study 

and  tfhat  Should  Be  the  Basis  for  the  Same?,p»194. 
5/  Pike:  A  New  and  Complete  Arithmetic,  1808. 


Since  the  trend  of  the  time  was  toward  business,  industry,  and  the  home 


he  advocated  problems  which  would  prepare  individuals  for  these  social 
relations 

2/ 

In  1924,  Barber  says,— 

"The  slogan,  'Educate  the  children  with  numbers 
in  children's  sizes',  is  ;;reatly  improving  our  arith- 
metic.   The  task  of  making  numbers  real  to  the  child 
is  part  and  parcel  of  the  fundamental  rule  of  education 
that  we  must  connect  with  the  child's  experience.  Num- 
bers which  arise  from  his  own  measurements,  or  from 
situations  which  are  real  to  him,  are  much  more  likely 
to  take  on  real  size  in  his  mind  than  are  numbers  which 
look  to  him  like  strings  of  digits  only.    This  effect 
of  reality  can  be  produced  by  teacher  and  by  text,  by 
using  real  material  as  a  source  of  the  numbers.  I 
think  that  the  criterion  is  that  the  situation  be 
real  in  the  mind  of  the  child,  and  that  it  teach  him 
the  right  way  to  think  about  the  situation  and  the 
right  way  to  handle  the  numbers." 

3/ 

Thorndike  in  1924  said,— 

"Problems  should  be  solved  in  the  school  to  the  end 
that  pupils  may  solve  the  problems  which  life  offers. 
L'uch  thought  and  ingenuity  should  in  the  future  be 
expended  in  eliminating  problems  whose  solutions  do 
not  improve  the  real  function  to  be  improved  by  ap- 
plied arithmetic,  or  improve  it  at  too  great  cost. 
In  devising  problems  which  prepare  directly  for 
life's  demands,  it  must  be  kept  in  mind  that  they  will 
fit  into  the  curriculum  and  that  they  can  be  adminis- 
tered by  one  teacher  in  charge  of  thirty  or  forty 
pupils  under  the  limitations  of  school  life." 

In  the  course  of  a  class  discussion  concerning  problem  work, 

Dr.  Guy  Iff*    /ilson,  1936,  made  the  statement,  "No  problem  is  acceptable 

1/  Proceedings  of  the  National  Educational  Association,  1904.  pp. 197-8. 
Zj  Barber:  Teaching  Junior  High  School  Mathematics,    pp.  14-15. 
3/  Thorndike:  Psychology  of  Arithmetic,    p.  11. 


unless  the  child  knows  the  situation  well  enough  to  use  discriminating 
judgment.    Children  should  figure  as  adults  do  when  the  need  arises,  or 
when  working  into  an  understanding  of  some  business  situation." 

The  general  result  of  these  new  developments  has  been  that  the 
teaching  of  arithmetic  in  our  schools  has  been  or  is  being  made  over. 

Looking  back  we  see  that  the  arithmetic  of  today  has  come  from 
more  than  one  source  and  by  routes  often  circuitous  and  difficult.  Early 
arithmetic  in  America  was  not  a  part  of  the  program  for  the  cultured  and 
educated.    It  was  left  to  the  tradesmen  and  those  engaged  in  commerce 
or  practical  affairs.      The  elite  regarded  arithmetic  as  "vile",  "mechanic" 
and  fit  only  for  those  not  capable  of  higher  learning.      For  years  arith- 
metic was  not  a  requirement  for  college  entrance;  Yale  made  it  a  regula- 
tion in  1745,  Harvard,  in  1807.-^ 

In  summary  then,  a  comparison  of  the  two  contrasting  purposes 

of  written  problems  in  which  we  see  how  the  purposes  up  to  1900  drop  out 

2/ 

and  those  after  1900  replace  them,  will  now  follow:  — ' 


l/  Monroe:  Development  of  Arithmetic  as  a  School  Subject,  p.  13 
2/  Wilson:  Glass  Notes,  Boston  University,  September,  1937. 
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PURPOSES  UP  TO  1900 

I  Originally 

A.  Intended  as  practical  guides 
to  tradesmen 

B.  Endeavored  to  cover  all 
trade  needs  with  illustra- 
tive problems  most  of  which 
were  solved;  this  as  late  as 
1808 

C.  Idea  was  to  provide  an  ency- 
clopedia of  arithmetic  to 
which  a  tradesman  might  re- 
fer for  any  situation  or 
process  needed. 

II  Schools  lake  over  texts  in  arithme- 
tic and  force  impossible  load  on 
child 

A.  Omission  of  solutions 

B.  Disciplinary  values 

C.  Develop  their  minds 

III  Vicarious  experience 

A.  Confusion 

B.  Indefensible  situation  of 
little  children  being  re- 
quired to  figure  in  a  wider 
variety  of  businesses  than 
any  one  man 

C.  Child  had  to  figure  r'ithout 
any  knowledge  of  judgment  as 
to  the  business  involved,  a 
difficulty  adults  do  not  have 

D.  Guessing  on  the  part  of 
children 

E.  Cues  given  in  texts 

IY  Examination  of  life  itself 
A.  Experience  taught 

1.  Know  measure 

2.  Know  application 


PURPOSES  IN  PROCESS  OF  RECOGNITION 

I  To  extend  experiences  and  give 
a  method  of  knowing  HOW  to  work 
on  an  actual  situation 

II  A  strong  urge  for  a  more  practi- 
cal and  sensible  view  in  arith- 
metic 

III  That  the  isolated  written  problem 
of  the  textbook  be  entirely  d.im- 
inated  and  replaced  by  experience 
situations  calling  for  figuring 
and  business  judgment  exactly  as 
in  life 

A.  Study  basic  experiences  that 
should  be  come  to  all  at 
certain  level 

1.  Buying  food 

2.  Spending  money 

B.  Local  business  opportunity 

1.  Apple  producing  would 
throw  out  most  communi- 
ties 

2.  In  particular  communi- 
ties search  for  the 
teaching  grade 

C.  Arithmetic  beyond  the  funda- 
mentals become  basically 
economics  taught  within  the 
realm  of  the  child1 s  exper- 
iences 

The  best  contribution  supporting 
this  view  of  the  purpose  of  the 
written  problem  seems  to  be  a  study 
made  by  Miss  White,  in  a  thesis  at 
Boston  University,  Graduate  School, 
when  she  studies  the  effect  which 
an  understanding  of  the  situation 
had  upon  the  solution  of  an  arith- 
metic problem.    She  based  her  ideas 
as  to  whether  children  understood 
a  particular  situation  on  the  child- 
ren1 s  own  replies  concerning  their 
actual  experience  with  the  situa- 
tion. 


- 
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Although  authorities  have  agreed  that  a  new  type  of  problem 


based  on  social  and  business  usage  is  needed,  it  is  an  idea  that  has  not 
been  adopted  as  widely,  up  to  the  present,  as  it  deserves,  particularly 
in  the  light  of  the  needs  of  the  present  social  and  economic  situation. 

The  writer  has  accepted  the  viewpoint  as  developed  by  I/IcMurray, 


Snedden,  Wilson,  White,  Hennigar,  Russell,  McMahon,  Gallagher,  and  Mahoney^ 
as  the  correct  view.    In  the  further  discussion  of  the  matter  of  the  writ- 
ten problem  and  from  the  criticism  of  the  viewpoints  presented  it  will- be 
evident  that  the  writer  holds  to  what  might  be  called  the  functional  view 
of  the  written  problem  instead  of  the  traditional  view.    Many  of  the  studies 
based  on  the  old  traditional  isolated  textbook  problem  viewpoint  will  be 
presented.    While  these  summaries  are  presented  they  will  be  criticized  on 
the  basis  of  the  objective  viewpoint  or  from  the  standpoint  of  functional 
informational  units. 


1/  See  references  numbered  241,  243,308,357,367,349,145,288,239,115,202, 
also  190  and  140  as  these  take  this  same  viewpoint. 


• 
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► 

The  Development  of  the  Criteria  of  the  Written  Problem 

One  hundred  years  ago  arithmetic  was  a  subject  which  aimed  to 
accomplish  little  more  than  to  develop  ability  to  compute,  to  solve  prob- 
lems of  adult  life,  and  to  perform  operations  in  a  purely  mechanical  way. 
It  did  not  make  any  claims  with  regard  to  formal  cultural  value  or  train- 
ing in  citizenship.    It  is  less  than  hundred  years  ago  that  modern 
methods  of  teaching  arithmetic  were  introduced  in  the  elementary  schools 
of  the  United  States.    In  this  comparatively  short  period  of  time  the 
subject  has  been  completely  revolutionized.    The  enormous  progress  and 

growth  are  not  unlike  the  tremendous  development  which  has  taken  place 

1/ 

in  the  fields  of  invention  and  industry.-" 

Old  arithmetic  texts  often  included  problems  which  not  only 
disregarded  children's  interests  but  which  also  often  disregarded  the 
vital  interests  of  adult  life.    Experience  has  shown  that  efficient 
training  in  reasoning  requires  that  pupils  reason  about  matters  of  real 

importance.    The  following  "example"  of  an  arithmetical  stunt,  which  was 

2/ 

common  to  old  texts  is  absurd  when  judged  by  the  test  of  reality. 

"If  Alice  were  two  years  older  than  four  times 
her  actual  age  she  would  be  as  old  as  her  aunt  who  is 
thirty-eight  years  old.    How  old  is  Alice?" 

The  test  of  life  does  not  demand  that  children  be  subjected  to 

1/  Breslich:  Arithmetic  100  Years  ^.go.     p.  674. 

][/  Alltucker:  Improving  Arithmetic  Through  Research,    p.  56. 

such  mental  contortions.     ie  do  not  seek  to  develop  bodily  vigor  by  acro- 


batic performances,  neither  should  we  seek  to  cultivate  mental  acumen  in 
practical  affairs  and  skill  in  daily  usage  by  the  solution  of  such  prob- 
lems as  the  above.    The  pupil  who  solved  them  would  not  necessarily  be 
able  to  compute  interest  by  the  shortest  method  or  judge  the  expediency 
of  a  particular  investment.    Llerely  to  know  how  to  juggle  figures  is  not 
sufficient;  one  must  know  the  "setting"  in  which  the  problem  occurs. 

"The  average  textbook  problem  is  a  thing  apart  - 
cold,  pulseless.     It  presents  no_  challenge.  Textbook 
problems  have  become  formalized  because  they  are  ab- 
stracted from  the  situations  in  which  they  were  once 
vital.    The  spark  is  lacking  to  make  the  contact  be- 
tween the  children  and  the  problem.    An  impassable 
gulf  seems  to  exist.    That  gulf  can  be  spanned  and 
the  contact  made  when  textbook  problems  are  replaced 
by  the  problems  which  exist  in  life  or  out  of  the 
classroom.    Problems  arising  in  the  classroom  should 
present  themselves  to  the  child  just  as  problems  are 
presentee  to  him  and  to  his  elders  outside  of  the 
classroom.    Textbook  problems  face  one  in  cold  type, 
and  they  lose  the  appealing  quality  of  'Have  I 
enough  money  to  go  to  a  show?'  n  i/ 

And  yet  almost  any  modern  course  of  study  in  arithmetic  has  a 

2/ 

statement  similar  to  this  one  from  the  Denver  Course  of  Study .— • 

"The  arithmetical  needs  of  the  child,  whether 
immediate  or  future,  occur  in  problem  situations. 
To  help  the  child  meet  these  needs  is  the  major  aim 
in  teaching  arithmetic.    Drill  for  mastery  on  par- 
ticular processes  and  skills  is  justified  only  inso- 
far as  it  contributes  to  the  main  purpose  of  teach- 
ing arithmetic." 

3/ 

In  1927  Alltucker  says:- 

"Problems  must  be  within  the  child's  experience 

i/Aiipnin:  iiiimmating  the  Textbook  Problem,    p.  187. 

_2/Course  of  Study  Ponograph  #4  Arithmetic,  Elementary  Schools  Grades 

3,4,5,6.     Denver  Public  Schools,  1933. 
3/Alltucker :  op.  cit.  p.  55. 


and  vital  to  his  interests.    Experience  must  in 
all  cases  precede  formal  work  in  calculating. 
There  is  little  or  no  point  to  having  children 
solve  problems  when  the  setting  is  entirely  un- 
known to  them.    Children  learn  most  readily  the 
things  they  feel  the  need  of  knowing." 

The  following  suggestions  were  made:—-^ 

(a)  ":.'any  arithmetical  processes  consuming 
much  school  time  can  be  omitted  from  the  course 
of  study  without  material  loss  to  the  children 
according  to  surveys  of  social  and  business 
usage . " 

(b)  "Problems  solved  in  actual  usage  are 
brief  and  simple.    They  chiefly  require  the  more 
fundamental  and  more  easily  mastered  processes. 
According  to  i'horndike,  'much  more  than  9/10  of 
the  arithmetical  calculations  of  the  real  world 
are  with  numbers  under  100.'  " 

One  author  believes  that  arithmetic  is  not  an  end  in  itself,  but 

a  tool.    To  meet  the  cemands  of  social  utility,  he  believes,  three  phases 

2/ 

of  arithmetic  need  attention.  — 

(a)  The  basic  experience  which  is  necessary  in 
order  to  make  manipulative  work  meaningful. 

(b)  The  mastery  for  automatic  reproduction  of 
the  useful  number  facts. 

(c)  Training  in  application  to  life  and  busi- 
ness situations. 

W.  J.  Osburn,  1929,  in  an  attempt  to  lessen  the  difficulty  in 
problem- solving,  has  suggested  the  use  of  "cues".    A  pupil  learns  a  formu- 
la for  a  certain  type  of  problem  and  is  guided  in  its  solution  by  a  cue 
1/  Alltucker:  op.  cit.  p.  55 

Zj  V/ilson:  Class  discussion,  Loston  University. 


word  or  phrase.    Osburn  made  a  study  of  series  of  textbooks  to  determine 
the  frequency  of  the  cues  in  each  series  for  each  of  the  grades  from 
three  to  six.    No  cue  was  selected  which  did  not  appear  at  least  five 
times  in  at  least  one  of  the  series  of  books.    As  a  result  of  his  find- 
ings, Osburn  has  suggested  the  thorough  teaching  of  eleven  type  cues. 
The  teacher  is  to  depend  upon  transfer  for  the  rest."^    Is  it  not 
possible  that  this  is  simply  scratching  at  the  surface  of  the  matter 
while  we  continue  to  give  to  children  problems  which  are  beyond  their 
experience? 

According  to  one  writer  in  a  class  discussion  on  this  point  of 
problem-solving,  he  says  that  this  device,  namely,  "cues",  is  undoubtedly 
the  lowest  point  reached  in  suggestions  for  bettering  the  problem-solving 
situation  since  they  eliminate  the  need  for  reflective  thinking  in  prob- 
lem-solving. ^ 

IJiss  .vhite  concludes  that  studies  and  methods  have  gone  far  in 
analyzing  types  of  failures  in  problems  as  they  occur  in  the  classroom 
and  in  offering  props  for  the  teaching  of  these  problems.    She  raises 
the  question,  "Do  we  not,  however,  need  to  be  more  basic  even  than  this 
in  our  thinking,  and  require  problem  thinking  in  situation  within  the 
child's  experience  where  artificial  props  and  cues  will  not  be  needed? 

Careful  research  has  established  the  types  of  computational 
skills  ordinarily  employed,  or  not  employed,  in  a  variety  of  life  situa- 
tions.   How  the  teaching  of  these  processes  is  to  be  applied  to  a  satis- 


3/ 


1/  Osburn:  Corrective  Arithmetic  II.  pp.  24-5. 
2/  iVilson:  Class  discussion,  _oston  University. 

3/  Jhite:  Relation  of  an  Understanding  of  the  Situation  Involved  in  a 
Problem  and  Success  in  its  Solution,    p.  9. 


factory  form  of  arithmetic  work  is  a  question  to  which  educators  are  try- 
ing to  find  the  answer.     1'here  have  been  numerous  research  studies  made 

to  establish  the  elements  which  influence  pupils  success  in  problem 
1  ' 

solving.— 

Apparently  the  way  out  is  the  informational  unit  of  work  based 

on  the  child's  experience  as  outlined  by  Dr.  v/ilson  who  offers  the  fol- 
2/ 

lowing  criteria."" 

(a)  It  must  appeal  to  the  child  as  a  unit  which  he 
understands  and  needs. 

(b)  Real  experience  must  be  the  basis. 

(c)  The  child  should  be  able  to  exercise  judgment  in 
the  details  of  the  unit. 

(d)  The  unit  should  be  adapted  to  the  locality  and  so 
directly  usable  and  functional  in  the  life  of  the 
child. 

(e)  The  purpose  of  the  written  problem  work  is  to 
develop  judgment  in  business  situations. 

(f)  Disguised  drill  on  processes  is  no  part  of  the 
purpose  of  written  problem  work. 

(g)  Problem  solving  should  be  connected  ?/ith  a 
meaningful  situation,  rather  than  solved  as 
isolated  problems. 

Bond  makes  the  statement  that  the  teaching  of  arithmetic  is  at 

present  a  most  active  field  in  a  most  active  period  of  education  and  that 

l/vYilson,  .Vise,  Woody,  Charters  and  others:  Studies  on  Social  Usage, 
jj/ffilson:  Criteria  of  the  Written  Problem  in  Arithmetic,  p.  459. 
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tradition  is  being  routed  by  scientific  studies  in  education.    He  furthers 
this  by  saying  that  since  the  summary  of  Euswell  and  Judd  in  1924,  of  the 
investigations  relating  to  the  teaching  of  arithmetic,  there  has  been  an 
increase  of  rriore  than  four  times  the  then  available  studies.  Moreover 
the  rate  of  appearance  of  investigations  is  still  increasing.      In  the 
main,  the  reorganization  in  arithmetic  has  occurred  along  three  lines, 
namely,  the  broadening  of  aims  the  selection  of  learning  exercises  be- 
cause of  their  social  use,  and  the  arrangement  of  these  exercises  in  the 
order  of  ease  for  learning.— 

The  major  purposes  of  arithmetic  as  set  forth  by  Bond  are: 

(a)  To  develop  skill  in  computation  and  manipulation 
with  accuracy  and  reasonable  speed. 

(b)  To  give  power  to  solve  problems  using  these  skills 

(c)  To  develop  the  ability  to  understand  the  quantitative 
expression,  thought,  heard  or  read. 

(d)  To  further  the  ability  to  understand  the  quantitative 
phases  of  social  problems,  e.g.  the  ability  to  see 
the  fallacy  in  fallacious  slogans. 

(e)  To  give  economic  information  that  will  help  children 
later  in  their  own  economic  problems. 

(f)  To  accomplish  the  above  aims  in  such  a  way  as  to 
give  joy  to  the  learner. 

From  the  above  criteria  it  is  obvious  that  Bond  does  not  even 

see  the  notion  of  the  arithmetic  problem  as  an  informational  or  experi- 

1/  Bond:  Recent  Changes  in  Point  of  View  Relating  to  the  Teaching  of 
Arithmetic,     pp.  175-6. 

ence  unit.    The  fact  that  he  sets  down  as  one  of  the  purposes  of  the  prob 
lem  point  (b)"to  ^ive  power  to  to  solve  problems  using  the  skills  which 
have  been  mastered  through  drill",  particularly  indicates  he  intends  the 
problem  to  be  used  as  disguised  drill. 

Thorndike  sets  forth  the  following  desirable  qualities  for 

y 

arithmetic  problems.    He  says, 

"A  problem  should  preferably: 

(a)  deal  with  a  situation  which  is  likely  to 
occur  often  in  reality. 

(b)  be  written  in  the  way  in  which  is  should 
be  dealt  with. 

(q)  should  make  the  situation  neither  much 
harder  nor  much  easier  to  understand  than  it  would 
be  really  present  to  the  pupil's  senses 

(d)  should  be  supported  by  somewhat  the  same 
degree  of  interest  and  motive  as  attached  to  the 
problems  which  the  pupils  will  meet  in  the  actual 
conduct  of  his  affairs" 

"These  are  desiderates,  not  requirements,"  says  Thorndike. 

Although  he  has  the  right  view,  and  sets    forth  the  desirable 

qualities  of  the  written  problem  he  fails  in  the  respect  that  he  stops 

with  the  setting  up  of  the  criteria  and  apparently  doesn't  see  any  way 

out  of  using  the  traditional  type  problem. 

V/ashburne  asks  the  question  regarding  arithmetic,  ./hat  then 

2/ 

should  we  include?    and  answers  it  in  the  following  manner:— 

"I  think  there  is  only  one  criterion  that  we 
can  apply  consistently.    Teach  all  children  only 
that  which  we  know  all  children  will  use.  This 
does  not  preclude  vocational  courses  nor  electives 
in  arithmetic  where  the  mathematical  minded  youngster 
may  explore  numbers  and  number  relationships."  \ 

1/  Thorndike:  New  let ho  as  in  arithmetic,    pp.  125-7. 
2/  V/ashburne:  Functional  Arithmetic,    p.  169. 


Bonner  says  that  the  ultimate  purpose  of  all  arithmetical  study 
is  the  solving  of  problems  while  the  application  of  thinking  to  problem- 
solving  is,  paramount.      He  believes  that  many  so-called  problems  of  our 
textbooks  are  not  problems  at  all,  nor  do  they  help  in  any  way  to  stimu- 
late mathematical  thinking.    To  be  thought -provoking,  problems  should 
conform  to  the  following  criteria:-^ 

I  Intelligibility  -  Problems  should  be  within  the 

child's  comprehension  as  to: 

(a)  vocabulary  (d)  interest  involved 

(b)  clearness  of  statement      (e)  experience  required 

(c)  environmental  setting  for  interpretation 

(f)  size  of  numbers 

II  Social  Significance  -  Problems  should  show: 

(a)  how  they  arise 

(b)  who  has  to  solve  them 

(c)  why  they  need  to  be  solved 

III  Practicality  -  Problems  should  be  practical  as  to: 

(a)  meeting  the  needs  of  the  children 

(b)  meeting  the  needs  of  the  general  public 

(c)  the  use  of  correct  data 

(d)  the  source  of  the  data 

(e)  the  worth-whileness  of  the  answer  sought 

IV  Variety  -  Problems  should  be  diversified  as  to: 

(a)  situation,  or  social  setting 

(b)  data  and  processes 

(c)  ways  of  stating 

Bonner's  concept  of  a  problem  as  gleaned  from  his  criteria  re- 
veals that  he  refers  solely  to  the  isolated  or  traditional  problem.  He 
checks  vocabulary,  and  mentions  diversified  variety,    'i'his  leads  us  to 
conclude  that  he  is  thinking  in  terms  of  drill,  and  fails  completely  to 
1/  Bonner:  Criteria  for  Judging  Problems  in  arithmetic,    p.  19. 


grasp  the  newer  idea  of  the  informational  units. 


./ith  the  roajor  purposes  or  the  criteria  for  the  written-problem 
summarized  by  some  of  the  outstanding  leaders  in  this  field,  it  now  seems 
fitting  to  find  out  what  these  same  leaders,  as  well  as  others,  suggest 
as  the  best  procedure  for  building  up  pupil  ability  to  handle  concrete 
or  reasoning  problems. 

1/ 

The  following  is  quoted: 

"Isolated  reasoning  problems  are  not  .meeting 
the  demands  of  life  as  it  is.    Under  life  conditions 
problems  are  solved  when  the  individual  is  keen  as  to 
consequences.    Any  calculating  is  a  small  detail  in 
a  larger  unified  process.    'i'he  condition  is  being 
met  in  the  schools  by  building  up  pupil  experience, 
by  confining  number  work  in  the  lower  grades  to 
actual  needs,  and  by  providing  artificial  life  sit- 
uations for  the  intermediate  and  upper  grades. 
There  is  no  doubt  that  in  the  past,  much  time  has 
been  spent  on  meaningless  puzzle  and  academic 
material,    'i'he  result  has  been  a  minimum  amount  of 
understanding  and  a  maximum  amount  of  discourage- 
ment for  the  children." 

It  is  Dr.  lis]  urray's  opinion  that  "the  fundamental  weakness  of 

arithmetic  has  to  do  with  the  nature  of  the  subject  matter".      He  says 

the  work  in  the  school  has  developed  the  tool  without  teaching  its  use. 

He  believes  that  we  must  develop"the  facts  and  processes  of  arithmetic 

as  parts  of  projects  requiring  their  use  as  tools  and  means  of  interpre- 
2/ 

tations".— 

Dr.  Frank  ...cl.'urray  stresses  the  idea  of  functional  basis  when 
he  tells  us  that  "the  fundamental  weakness  of  arithmetic  has  to  do  with 
the  nature  of  the  subject-matter".      He  narrates  an  experience  which  he 


1/  Third  Yearbook,  Department  of  Superintendence,    p.  91.  (this  is  one 

of  Mr «',7ilson! §  earlier .  statements.   -In  his  later  thinking  he  has.  re- 
placed the  lire  situation  by  the  informational  or  experience  unit.; 

2/  McMurray:    The  Question  Arithmetic  is  lacing  and  Its  Answer,  pp. 873-81. 
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had  while  visiting  a  district  school.    A  class  in  arithmetic  were  figur- 
ing the  cost  of  feeding  sixty  hens  for  a  year.    ri'he  pupils  seemed  not  at 
all  concerned  either  with  the  cost  of  keeping  the  hens  or  with  the 
variety  of  answers  obtained.    Dr.  I.'cMurray  credits  their  lack  of  concern 

to  the  fact  that  they  were  figuring  for  answers  which  they  care  nothing 
1/ 

about . 

The  right  idea  in  general  is  presented  in  the  criteria  set  up 
by  McIvAirray .    'i'hese  criteria  are  resultant  from  keen  observations  and 
should  be  used  only  as  a  foundation  for  further  progress.    He  accepts 
these  criteria  as  an  end  in  themselves  rather  than  a  means  to  an  end. 

Thorndike  contends  that  problems  should  be  solved  in  school  to 

2/ 

the  end  that  pupils  may  solve  problems  as  they  occur  in  life  situations. 

Dr.  Thorndike  makes  a  plea    for  the  type  of  problem  the  solu- 
tion of  which  will  help  the  child  to  solve  the  problems  which  he  meets 
in  life.      An  again,  in  answer  to  the  argument  of  some  who  advocate 

3/ 

arithmetic  problems  as  an  aid  to  mental  discipline,  he  states  that:- 

"Y/e  know  that  the  training  depends  largely  upon 
the  particular  data  used,  so  that  efficient  disci- 
pline in  reasoning  requires  that  the  pupil  reason 
about  matters  of  real  importance.  ,/e  should  re- 
place the  purely  disciplinary  problems  by  problems 
that  are  also  valuable  as  special  training  for  im- 
portant particular  situations  of  life." 

4/ 

Thorndike  selects  three  main  elements  in  problem  solving:-" 

(a)  to  know  just  what  the  question  is 

1/  :.:c!.airray :  ./hat  is  the  Matter  tilth  arithmetic?    p.  451. 
2/  Thorndike:  The  Psychology  of  Arithmetic,    p.  10. 
3/  Thorndike:  op.  cit.  p.  20. 
4/  Thorndike:  op.  cit.  pp.  126-7. 

29 

> 

(b)  to  know  what  facts  you  need  to  answer  it 

(c)  to  use  them  in  the  right  relation 

He  says,  "when  the  actual  situation  is  present,  and,  so  to  speak, 
itself  defines  the  question,  there  is  likely  to  be  almost  no  difficulty  in 
respect  to  the  first  of  these  three,  and  relatively  little  in  respect  to 
others". 

Thorndike,  like  IJcUurray,  has  an  understanding  of  the  failure 
of  the  traditional  problem.    Both  have  conceived  the  correct  idea,  but 
fail  completely  to  understand  the  manner  in  which  the  traditional  written 
problem  can  be  omitted  and  replaced  by  the  informational  unit. 

Brueckner  feels  that    iore  recently  there  has  been  a  tendency  to 

organize  groups  of  problems  about  some  single  situation,  such  as  arises 

in  daily  life  and  that  instruction  in  arithmetic  can  make  a  valuable  con- 
1/ 

tribut ion. 

To  improve  work  in  arithmetic,  Brueckner  has  given  us  three 

2/ 

steps  which  he  offers  as  aids  in  setting  up  this  program. 

(a)  Increased  use  should  be  made  of  problematic 
situations  that  arise  naturally  in  the  activities  of 
the  school  and  community  in  wMch  number  is  needed  in 
its  normal  setting,  in  order  that  the  pupils  may  learn 
to  apply  processes  being  taught  as  they  are  applied  in 
life. 

(b)  Stress  should  be  placed  on  accuracy  in  compu- 
tation and  comprehension  of  the  meaning  and  function 
of  arithmetic  processes. 

l/  Brueckner:  The  Nature  of  Problem  Solving.    P.  14. 

2/  Brueckner:  Improving  ./ork  in  Problem  Solving,  p.  159. 
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(c)  Systematic  attack  should  be  made  on  the  teach- 
ing of  problem  solving. 

These  three  steps  reveal  that  at  least  a  flash  of  the  correct 
meaning  of  the  written  problem  has  presented  itself  in  Brueckner's  mind. 
He  fails,  however,  to  accept  the  program  which  he  sets  up  and  drops  back 
to  the  traditional  textbook  problem  where  the  main  purpose  is  drill. 

The  true  purpose  of  arithmetic  in  our  schools  according  to 

Driscoll  is  to  provide  the  child  with  meaningful  experience  out  of  which 

1/ 

will  grow  the  need  of  number  and  the  opportunity  to  apply  it. 

2/ 

Buckingham  points  out  that  in  life:— ' 

"No  one  ever  multiplies  849  by  67  except  for  a 
purpose,  and  that  purpose  is  the  solution  of  a  prob- 
lem  l.ere  figuring  takes  place  in  school.    In  life 

the  problem  is  the  thing;  and  if  we  would  make  our 
schools  life-like,  we  should  exalt  the  purposes  for 
which  number  is  used  and  pay  close  attention  to  prob- 
lem solving." 

But  what  does  Buckingham  really  do  to  bear  out  his  criteria? 

In  spite  of  his  affirmative  assertions  as  to  the  purpose  of  the  written 

problem  one  finds  these  same  written  problems  completely  made  up  of  facts. 

The  only  reasonable  assumption  which  can  be  deducted  is  that  Buckingham 

has  completely  missed  the  real  purpose  of  the  written  problem  and  is 

holding  strongly  to  the  traditional  problem  and  its  usage  as  disguised 
3/ 

drill .- 

Bobbitt  suggests  pupil  activities  and  experiences  as  a  founda- 


1/  Driscoll:  The  Purpose  of  Arithmetic,    pp. 208-10. 

Zj  Buckingham  and  Osburn:  The  Searchlight  Arithmetic, Introductory  Book, 
pp.  371-2. 

3/  This  opinion  is  based  on  a  careful  examination  of  the  Buckingham  and 
Osburn  Textbook  Series.    This  opinion  is  supported  in  the  Study  by 
Ruth  Cameron. 
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tioa    for  problem  work  on  the  basis  of  informational  and  reading  usage.— 

Dr.  McMurray  states  "under  normal  conditions  the  motive  for  keen 

thinking  is  found  in  the  closeness  of  the  relation  of  the  problem,  par- 

2/ 

ticularly  the  ans?/ers  to  one's  life." 

Dr.  Bond  summarizes  arithmetic  as  formerly  taught  to  be  too  dif- 
ficult for  most  children.    Yet,  he  states,  arithmetic  is  not  a  difficult 
subject,    The  trouble  has  been  that  the  subject  matter  has  not  been  a- 
dapted  to  the  ability  of  the  children.    The  growth  has  been  forced  and 
not  natural.    Arithmetic  has  suffered  from  the  lack  of  rich  content  of 
meaning  because  the  tool  phases  have  predominated.      Tests  show  that  the 

real  cause  of  inability  to  apply  arithmetic  in  real  problems  is  a  lack  of 

3/ 

understanding  of  the  situations  giving  rise  to  the  problems.-" 

The  isolated  written  problem  of  the  textbook,  says  Miss  Janes, 
has  little,  if  anything,  to  commend  it,  and  it  is  a  chief  source  of  con- 
fusion.   Think  of  punishing  the  child  through  five  hundred  pages  of  mean- 

4/ 

ingless  problems.    They  should  be  entirely  replaced  by  something  better.- 

A  recent  study,  by  Connors  and  Hawkins,  confirms  previous 
studies  and  indicates  a  distinct  gain  through  the  abandonment  of  textbook 
problems.—^ 

It  is  interesting  to  note  the  emphasis  upon  written  problem 
work.     "No  phase  of  school  work,  perhaps  is  so  poorly  done  as  the  written 
problem  work  in  arithmetic.     It  is  traditionally  useless,  if  not  actually 
detrimental  in  its  total  effect.    The  remedy,  however,  is  known  and  fair- 


ly Bobbitt:  The  New  Technique  of  Curriculum  "aking.    p.  45. 

Zf  -.:c;.:urray :  The  question  arithmetic  is  facing  and  Its  answer,  p.  873. 

Z/  Bond:  op.  cit.  p.  178. 

4/  Janes:  A  Study  of  the  Isolated  Problems  of  Jour  Arithmetic  Texts. pp. 198-9 

5/  Connors  and  Hawkins:  ..'hat  Materials  Are  Lost  Useful  to  Children  Learning 
to  3oly-Ba!oblsias^=  ^= 
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ly  simple". 

,'e  should  on  the  evidence  presented  accept  as  valid  the  conclu- 
sion that  the  isolated  written  problem  of  the  usual  type  should  disappear 
and  should  be  replaced  by  problems  from  the  child's  own  experience."  xhe 
written  problem  should  be  based  upon  large  sizable  thinking  situations, 
and  usually  developed  in  the  local  community.    Such  problems  will  be 
within  the  comprehension  of  the  child  and  will  appeal  strongly  to  his 
interests.      They  should  not  be  primarily  computational,  but  information- 
al.   They  should  develop  understanding  of  business  and  judgment  in  the 

2/ 

expenditure  and  use  of  money.— 

V'ashburne  in  reforming  the  arithmetic  curriculum  in  order  to 

put  it  upon  a  functional  basis  said,  "I've  found  a  very  useful  rule  of 

thumb,  research  being  scanty:    l.ever  include  in  any  drill  material  an 

3/ 

example  that  you  can  not  put  into  a  realistic  story  problem".—  This 

4/ 

leaves  us  with  the  thought  which:— 

"Aristippus,  the  ureek  philosopher,  in  answer  to 
the  question,  'what  should  the  child  be  taught?'  replied, 
♦a  child  should  be  taught  those  things  that  he  will  need 
to  know  when  he  is  a  man. '    This  is  a  fundamental  prin- 
ciple.   The  schools  should  prepare  for  life  in  terms  of 
childhood,  in  terms  of  interests  and  motives  which  domin- 
ate child  life.    In  other  words,  the  only  content  which 
should  be  allowed  in  the  course  of  study  is  that  which 
has  a  definite  meaning  for  the  children  while  they  are 
studying  it,  and  which  will  probably  be  serviceable  to 
them  in  their  mature  years.    No  other  content  is  worth 
the  time  spent  on  its  mastery.    Moreover,  the  omission 
of  the  obsolete  material  leaves  room  for  new  and  vital 
material  which  is  visibly  useful  and  therefore  easily 
motivated." 

1/,/ilson:  arithmetic  in  the  Schools,  p.  213. 
2/tfilson:  ./hat  Arithmetic  Shall  ie  Teach?    p.  118. 
_3  .ashburne:  op.  cit.  pp.  167-70. 

4/./ilson  and  7ilson:  Motivation  of  School  fork.  pp. 244-5. 

1 

Educational  Trends  to  put  Problem-Solving  on  a  Functional 
Basis,  as  Revealed  by  Different  Leaders 


"Since  1902,  when  Rice,  an  educational  pioneer, 
gave  tests  to  some  6,000  pupils,  great  progress  has 
been  made  in  scientific  research  in  arithmetic.  Al- 
though his  investigations  lacked  the  refined  techni- 
que that  has  since  been  developed  in  the  field,  Rice 
deserves  a  great  deal  of  credit  because  he  blazed 
the  trail,  and  several  of  his  conclusions  have  been 
corroborated  by  more  recent  investigators.    Rice  was 
the  first  investigator  to  demonstrate  the  wide  range 
of  ability  in  each  grade  and  to  show  the  extent  of 
the  range.    He  called  attention,  also  .to  the  great 
overlapping  of  each  of  the  grades."  =J 

In  1923,  Miss  Cameron  made  an  analysis  of  the  Osburn  and  Buck- 
ingham Arithmetics,  Books  One,  Two,  Three  and  Four.    She  separated  the 
problems  into  real  situations,  life  situations,  unified  situations,  and 
isolated  situations.    Real  situations  arise  from  a  felt  need  in  the 
schoolroom,  workshop  or  home.      She  found  no  real  situations  given  in 
these  texts.    Life  situations  she  described  as  a  play-like  situation 
closely  allied  to  a  real  situation.    There  were  no  life  situations  in 
these  texts.    Unified  situations  are  made  from  isolated  problems  brought 
under  one  head.    She  found  twenty-five  united  situations  in  which  there 
were  293  situations.    Isolated  problems  are  composed    of  unrelated  ex- 
periences, with  no  atte.pt  to  build  up  the  child's  understanding  or  re- 
late the  work  or  the  community's  needs.    In  her  analysis  of  the  isolated 

1/  Brown:  A  Summary  of  Some  Significant  Conclusions  Reached  by  Investi- 
gators Relative  to  Arithmetic,  p.  346. 


problem  she  found  2,  339  situations,  involving  over  6,000  isolated  prob- 
lems.   Miss  Cameron  raised  the  question  then,  "Are  we  sensible  when  we 
expect  children  of  elementary  grade  age  to  grasp  so  enormous  a  range  of 
situations?" 

y 

In  1926,  Thorndike  set  forth  his  opinion  that  a  new  type  of 

problem  was  necessary,  yet  in  his  attempt  to  create  a  new  type,  he  merely 

succeeded  in  making  a  more  detailed  statement  of  the  traditional  type  of 
2/ 

problem.  —     For  example: 

A  Vacation  'i'rip 

"Mr  and  Mrs.  Sears,  with  Ruth  and  Alec,  went  on 
a  camping  trip  for  their  vacation.    They  carried  a 
tent,  blankets,  food,  and  a  little  stove  in  a  wagon. 
Ruth  and  Alec  rode  on  their  bicycles. 

(a)  "They  drove  north  for  two  weeks  and  two  days 
spent  one  week  and  six  days  coming  back.    How  long 
was  the  whole  trip? 

(b)  "Mr.  and  Mrs.  Sears  drove  4,339  miles  in 
twenty-five  week-days.    How  many  miles  did  they  aver- 
age a  day?"  etc. 

Buckingham  and  Osburn  accepted  in  1927  the  Thorndike  idea  of 

lengthening  the  problem,  but  conceived  the  problem  as  essentially  a  drill 

exercise.    They  greatly  multiplied  the  number  of  problems.    For  example, 

in  their  text  under  the  zero  combinations  they  offer  a  set  of  twenty- 

3/ 

seven  examples  similar  to  the  following:— 

(a)  (0  plus  3)  There  were  no  ducks  in  the  pond. 
Then  three  ran  in.  How  many  ducks  were  there  in  the 
pond? 

^/Cameron:  Analysis  of  the  Searchlight  Arithmetics,  Books  1,2,3,4. 
2/Thorndike:  The  New  Methods  in  Arithmetic,  pp.  126-9. 
3/Buckingham  and  Osburn:  op.  cit.  pp.  371-2. 


Mclvlurray  and  Benson  in  1926  attempted  an  approach  to  overcorae 
the  objections  to  the  traditional  form  of  problem  work  and  to  set  up  the 
problem  as  a  unit  of  work.    The  weakness  in  their  work  lies  in  the  fact 
that  their  units  of  work  are  based  on  problems  concerned  with  social  and 
economic  situations  outside  the  child's  experience.      They  have  the  cor- 
rect idea  but  they  fail  to  get  the  objective    viewpoint.    They  can  not 
conceive  of  any  way  to  organize  the  material  on  a  functional  basis. 

Some  chapters  taken  from  the  table  of  contents  are  included  below  to  em- 

1/ 

phasize  this  point.— 

Chapter  I      Value  of  a  Good  Education 

VII  Cost  of  Renting  and  Owning  a  House 
VIII  Borrowing  Lloney  for  Use  in  Business 
XI      How  Capital  is  Obtained  and  Used  in  Business 
XXII    The  Increase  in  Government  Expense  in  Recent 
Tears  and  Suggestions  for  Securing  Greater 
Economy. 

Miss  Gumming s  in  her  summary  says:— ^ 

"Problem  solving  activity  at  present  is  character- 
ized by  the  spectacle  of  a  large  number  of  pupils 
solving  problems  in  arithmetic  by  means  of  type  solu- 
tions rather  than  by  means  of  vital  reasoning  pro- 
cesses.   These  children  often  seem  to  perform  random 
calculations  upon  the  numbers  given.    The  thinking 
of  these  pupils  is  largely  visualization.  The 
factors  necessary  to  pupil  success  are  the  use  of 
small  numbers  and  a  relationship  of  the  numbers  in- 
volved in  the  problem  to  the  child's  experience  in 
reality. " 


1/  VcLJurray  and  ^enson:  Social  arithmetic,  Book  III,  p.  vi. 
2/  Cummings:  Putting  Arithmetic  on  a  Functional  Basis,  p.  15. 


( 

Continuing  she  says  that  although  authorities  have  agreed  that 

a  new  type  of  arithmetic  problem  work  is  necessary,  and  have  made  many 

attempts  to  originate  a  type  of  problem  that  will  meet  the  needs  of 

reality,  up  to  the  present  time  all  such  attempts  have  been  more  or  less 

failures.    The  following  explanation  is  offered  for  the  failure  of 

authors  to  devise  a  functional  type  of  problem  based  on  reality:— ^ 

"It  may  be  found  in  the  fact  that  they  misin- 
terpreted the  meaning  of  reality  as  applied  to  the 
experiences  of  children  of  a  given  age.  Problems 
about  real  things  are  not  necessarily  based  on 
reality.    Rather,  to  be  real,  problems  must  be 
presented  in  a  manner  directly  related  to  reality. 
This  means  that  the  problem  must  concern  the  real 
life  experiences  of  the  persons  attempting  to  solve 
them." 

From  the  foregoing  statements  one  realizes  that  in  many  of  the 
textbooks  now  in  use  the  problems  are  isolated  in  content  in  relation  to 
one  another,  are  devoid  of  situations  that  occur  in  the  child's  life, 
show  lack  of  judgment  as  to  amounts,  sizes,  current  prices,  and  family 
incomes  actually  to  be  met  in  life,  and  provide  no  experience  oppor- 
tunities.   This  type  of  written  problem,  reflective  thinking  suggests, 
must  be  abandoned.    The  solution  of  verbal  problems  for  mental  disci- 
pline can  no  longer  be  considered  defensible.      ,/ritten  problems  must 
call  for  thinking  and  judgment  which  can  be  developed  only  through  ex- 
perience.   This  new  type  of  problem  must  rest  so  on  experience  that 
judgment  becomes  not  only  possible  but  the  chief  consideration.  That 
judgment  is  necessary  is  evidenced  in  the  fact  that  an  adult  figures 
only  when  he  knows  enough  to  use  judgment. 
1/  Curanings:  Putting  Arithmetic  on  a  Functional  Basis,  p. 15. 
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CHAPTER  III 
POPULAR  BELIEFS  ON  THE  WRITTEN  PROBLEM 


Introduction 

Authorities  in  the  field  have  long  held  the  opinion  that  the 
arithmetic  curriculum  needs  to  be  revised  and  a  new  type  of  problem  work 
originated.    As  an  outcome  of  this  unrest  in  the  matter  of  written  problems 
we  have  at  our  disposal  numerous  studies  which  will  be  dealt  with  briefly 
in  the  next  two  chapters.    These  studies  may  well  be  divided  into  three 
phases,  critical  or  controversial  literature,  research  and  controlled  ex- 
perimentation, and  functional  written  problem  units  which  includes  the 
newer  type  of  problem  units  and  demonstrates  the  possibility  of  the  ob- 
jective viewpoint. 

Under  each  of  these  studies  we  find  that  a  discussion  of  written 
problems,  their  aims  and  their  improvement  has  undoubtedly  been  a  forerun- 
ner in  the  attempt  to  clarify  the  situation  through  the  study  of  the  writ- 
ten problem  as  it  exists,    ffe  find  that  the  studies  may  be  classified  under 
a  aeries  of  approaches  to  the  correct  view  roughly  as  follows: 
(a)  Some  authors  accept  the  traditional  prob- 
lem of  the  textbook,  accept  the  task  of 
its  mastery  and  seek  only  justification. 
Justification  usually  is  noted  under 
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"training  in  reasoning",  which  would 
be  the  adjusted  form  of  statement  for 
"mental  discipline". 

(b)  Some  authors  see  the  futility  of  the 
textbook  problem,  but  do  not  see  the 
way  to  a  better  practice,  and  most  of 
these  writers  revert  to  the  usual  form 
of  problem  but  seek  to  improve  it. 

(c)  Some  see  the  need  of  functional  values, 
but  seek  to  find  them  under  information 
(informational  values),  or  social  facts  or 
application  (sociological  values). 

(d)  Some  see  the  true  purpose  of  the  written 
problem  as  is  obvious  in  such  works  as 
White,  Cummings,  Russell,  Gallagher, 
McMahon,  Hennigar,  and  Quattlander.— ^ 
These  individuals  seem  to  have  the  ob- 
jective viewpoint  and  demonstrate  the 
possibility  of  the  informational  unit  as 

a  means  of  eliminating  the  large  percentage 
of  failures  due  to  the  traditional  written 
problem.    In  place  of  these  failures  are 
substituted  knowledge  of  life-like  situa- 
tions, happiness  and  contentment  in  under- 
standing the  unit  and  a  feeling  of  success 
1/  Chapter  IV,  Part  2,  pp.  108. 


at  the  close  of  the  unit  when  con- 
clusions are  obvious  and  within  the 
realm  of  the  child's  understanding. 
McMurray  approaches  this  objective 
viewpoint  in  discussion;  however, 
in  practice  he  seems  to  be  more  or 
less  on  the  border  line,    i'he  weak- 
ness in  his  work  lies  in  the  fact  that 
his  units  of  work  are  based  on  prob- 
lems concerned  with  social  and  economic 
situations  outside  the  child's  experi- 
ence as  shown  in  the  table  of  contents 

1/ 

in  the  Social  Arithmetic  textbooks."" 
With  these  four  points  in  mind  the  summaries  in  chapters  111 
and  IV  have  been  studied.    VYe  see  then  first  those  studies  which  adhere 
strictly  to  carrying  the  traditional  problem  load;  second,  those  which  at- 
tempt to  improve  the  usual  form  but  fail  to  see  any  solution;  third,  those 
which  see  that  arithmetic  has  a  functional  value  in  the  curriculum  but  aim 
in  the  wrong  direction;  and  finally  those  who  have  attained  the  correct 
viewpoint  and  are  putting  it  into  practice  proving  that  it  is  the  only 
future  for  the  written  problem  if  it  is  to  fulfill  its  objective  in  the 
curriculum. 


McMurray  &  Benson:  Social  Arithmetic. 
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Controversial  or  Critical  Literature 

A.  The  acceptance  of  the  traditional  load  and  its  mastery  with 

mental  discipline  as  the  justification.    Carrying  the  traditional  load  and 

justifying  its  presence  we  find  that  Buckingham-^  says  in  1930,  "The  aim 

of  education  no  matter  how  conceived  or  how  phrased  includes  the  fitting 

of  children  for  life". 

"The  fundamental  problem  of  the  school  is  to 
teach  children  to  think,    This  may  amount  to  the 
teaching  of  an  attitude  rather  than  a  technique. 

"Humans  cannot  be  taught  to  think  unless  they 
are  placed  in  situations  requiring  thought.    In  the 
social  environment  these  situations  are  called 
problems,  and  arithmetic  affords  exercises  which 
are  likewise  called  problems.    There  is,  however, 
very  material  distinction  between  the  problems  of 
arithmetic  and  the  problems  of  life.    In  arithme- 
tic the  problems  do  not  'arise*.    They  are  stated  by 
one    person  to  another,  the  latter  being  remote 
from  the  scene  of  action.    Accordingly,  the  prob- 
lems of  arithmetic  even  at  their  best,  fall  far 
short  of  equivalence  with  the  problems  of  life, 
while  at  their  worst  they  have  no  reference  what- 
ever to  the  problems  of  life. 

"Nevertheless  the  problems  of  arithmetic  may 
be  made  exceedingly  valuable.    The  real  task  is  to 
make  the  descriptive  problems  in  arithmetic  go  as 
far  as  possible  in  affording  life-like  opportunities 
for  thought." 

It  is  evident  that  Buckingham  clings  to  the  isolated  tradtional 

textbook  problem  and  to  mental  discipline  as  justification.    He  does  not 

1/  Buckingham:  The  Social  Value  of  Arithmetic,  p.  57  (53)* 
^*"ln  this  section,  because  of  the  importance  of  the  references  and  the  urge 
of  finding  it  quickly,  a  number  in.  brackets  is  used  which  refers  directly  to 
the  reference  as  numbered  in  the  Bibliography  in  Chapter  VI,  pp.125. 
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see  around  the  isolated  textbook  problem. 

Brueckner  —^1929,  in  an  attempt  to  improve  ability  to  solve  prob- 
lems recommends  the  following  essentials: 

mX»  Increased  use  should  be  made  of  problematic 
situations  that  arise  naturally  in  the  activities 
of  the  school  and  community  in  which  number  is 
needed  in  its  normal  setting  in  order  that  the 
pupils  may  learn  to  apply  processes  being  taught 
as  they  are  applied  in  life. 


"2.  This  statement  points  in  the  right  direc- 
tion.   Stress  should  be  placed  on  accuracy  in  com- 
putation and  comprehension  of  the  meaning  and  func- 
tion of  arithmetic  processes.    This  can  be  accom- 
plished by  the  use  of  carefully  constructed  in- 
structional materials  in  which  special  considera- 
tion is  given  to  the  known  difficulties  of  pupils 
in  computation. 

"3.  A  systematic  attach  should  be  made  on  the 
teaching  of  problem-solving.    This  would  include 
the  use  of  specially  constructed  reading  exercises 
on  elements  in  problem-solving,  the  teaching  of 
techniques  in  problem-solving,  and  the  solution 
of  many  problems  that  are  within  the  experiences 
and  comprehension  of  the  pupils  and  in  the  solu- 
tion of  which  they  would  be  interested.    Little  is 
known  as  to  the  relative  effectiveness  of  various 
types  of  exercises.    It  is,  therefore,  recommended 
that  as  wide  a  variety  of  exercises  in  problem- 
solving  be  used  as  is  practical. 

M4.  Obviously,  standard  tests  of  problem- 
solving  have  an  important  place  in  such  a  program 
since  they  aid  the  teacher  to  determine  the  needs 
of  the  class,  their  level  of  ability,  and  to 
select  the  pupils  in  need  of  special  help  in  prob- 
lem-solving,   xhe  results  of  experimental  work 
suggest  that  pupils  whose  work  in  problem-solving 
is  below  standard  profit  much  from  the  training 
received  through  the  use  of  experience  in  problem- 
solving." 


It  is  apparent  that  Brueckner  has  missed  entirely  the  meaning  of 
the  written  problem.    In  the  second  point  he  lays  stress  on  the  computa- 
tional phase  and  we  may  conclude  that  he  refers  solely  to  the  traditional 


1/Brueckner:  Improving  tfork  in  Problem-Solving,  (45). 
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textbook  problem  when  he  mentions  in  his  third  point  a  systematic  attack  on 
the  teaching  of  problem- solving. 

B.  The  admission  of  the  futility  of  the  textbook  problem;  re- 
version to  the  usual  form  of  traditional  problem  with  attempts  of  improve- 
ment*     Monroe  ^  in  1918,  offers  a  critical  analysis  of  certain  factors  in 
the  arithmetic  problem  rather  than  a  statistical  study.    He  uses  the  tradi- 
tional problem  and  mentions  the  variety  of  "different  reasoning  cues". 

His  thinking  scheme  for  the  child  in  solving  a  problem  follows: 

1.  Read  problem  -  out  of  which  should  come 
"first  step  in  reflective  thinking". 

2.  Principles  applicable  to  problem  must  be 
recalled  (Principles  and  meanings  of  the 
technical  words  are  the  data  which  are 
used  in  the  reflective  thinking.) 

3.  The  elements  of  meaning  and  the  recalled 
principles  are  used  in  formulating  a  plan 
of  procedure  or  hypothesis  concerning  the 
operations  to  be  performed  upon  the  quanti- 
ties of  the  problem. 

4.  verification  of  hypothesis. 

5.  ihe  operations  outlined  in  the  hypothesis 
are  performed.  (Monrose  says  'this  is  not 
a  step  in  the  reasoning  process') 

Monroe  says,  "This  analysis  assumes  that  the  problem  is  solved 
by  reflective  thinking". 

1/  Monroe:  The  Derivation  of  Reasoning  'rests  in  Arithmetic,  (219). 


• 
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The  problem  here  under  consideration  is  the  traditional  textbook 

problem. 

Stone  — ■    indicates  that  standardized  tests  are  useful  in  surveys, 
in  supervision  and  in  teaching.    Just  as  the  skillful  physician  measures, 
diagnoses,  prescribes  treatment,  and  measures  again,  so  will  the  good  teach- 
er measure,  diagnose,  prescribe  remedial  treatment,  and  measure  again. 
Stone  suggests  the  making  of  diagnostic  records,  showing  the  specific  dif- 
ficulties of  each  pupil.      He  cautions  teachers  not  to  place  too  much  re- 
liance on  a  single  test  record  of  an  individual  pupil,    ihe  description  of 
how  certain  pupils  increased  their  efficiency  in  reasoning  by  being  taught 
to  read  the  problem  more  carefully,  to  ttBe  less  labelling  in  the  written 
solutions,  and  the  like,  indicate  to  him  the  value  of  tests  in  improving 
teaching. 

The  last  sentence  above  indicates  that  Stone  has  missed  the  point 

of  the  written  problem.    He  prescribes  "drills  on  reading  and  solving  the 

isolated  problem".    He  missed  the  aim  of  problem  work.    He  sees  only  the 

isolated  textbook  problem. 

2/ 

Stevenson  — '  in  1925,  lists  six  defects  as  found  by  thirty-two 
elsmentary  teachers  as  causes  of  failure  in  problem-solving: 

1.  Physical  defects 

2.  Lack  of  mentality 

3.  Lack  of  skill  in  fundamentals 

4.  Inability  to  read  which,  of  necessity,  af- 
fects the  ability  to  read  arithmetic  problems. 

1/Stone:  Standardized  Reasoning  -rests  in  Arithmetic  and  How  to  Use  Them(316) 
jj/stevenson:  Difficulties  in  Problem-Solving,  (312). 
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5.  Lack  of  general  and  technical  vocabu- 
lary. 

6.  Lack  of  proper  methods  or  technique 
for  attacking  problems. 

Remedial  measures  are  offered  which  have  proved  effective. 

Stevenson  sees  only  the  traditional  load. 

This  is  a  series  of  case  studies  made  through  careful  analysis 

1/ 

of  children's  test  papers.    Morton  —  in  1925,  offers  a  typical  classifica- 
tion of  errors  in  problem  solution,    i'hat  arithmetic  teaching  is  not  re- 
warded by  any  considerable  measure  of  success  is  implied  by  the  fact  that 
in  the  sixth  grade  57. 2#  of  the  errors  fell  under  the  classification  "Pro- 
cedure wholly  wrong  or  entirely  inadequate*1,  a  further  cause  being  "Lack  of 
knowledge  of  facts". 

2/ 

In  1925,  Rice  —  made  an  analysis  of  pupil  difficulties  with  word 
problems  in  arithmetic  based  upon  the  use  of  the  Buckingham  problem  scale. 
No  discussion  of  the  causes  of  failures  is  included  because,  as  the  author 
explains,  personal  conferences  with  fifty  individual  pupils  proved  that  they 
knew  very  little  about  why  they  solved  the  problems  missed  in  the  manner 
they  had  chosen.    Mr.  Rice  locates  no  vocabulary  weaknesses  such  as  noted 
by  Kramer,  e.g.,  his  explanation  being  that  Buckingham  seems  to  have  avoided 
technical  terms  in  his  tests.    Rice  comments  further  that  the  trouble  with 
the  problems  (Buckingham's  Scale)  was  that  the  situations  were  not  real  for 
children,  that  they  were  "only  problems". 

lAforton:  Papers  -  An  Analysis  of  Errors  in  the  Solution  of  Arithmetic  Prob- 
lems, (227).    Pupils'  Errors  in  Solving  Arithmetic  Problems,  (228) . 

2/Rice:  An  Analysis  of  Pupil  Difficulties  with  ford  Problems  in  Arithmetic, 
(278). 
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Monroe  — '  in  1929,  concluded,  after  an    elaborate  study  of  the 
nature  of  pupils'  responses  in  solving  problems  in  arithmetic  "that  a  cor- 
rect answer  is  no  proof  of  reasoning  ability,  but  may  be  the  result  of  a 
habit  formed  in  solving  a  certain  type  of  problem". 

As  a  result  of  his  study  he  reached  the  general  conclusion  that: 

"A  large  percentage  of  the  seventh  grade 
pupils  do  not  reason  in  attempting  to  solve  arith- 
metic problems;  many  of  them  appear  to  perform  al- 
most random  calculations  upon  the  numbers  given. 
When  they  do  solve  a  problem  correctly,  the  re- 
sponse seems  to  be  determined  by  habit.    If  a 
problem  is  stated  in  the  terminology  with  which 
they  are  familiar  and  if  there  are  no  irrelevant 
data,  their  response  is  likely  to  be  correct.  On 
the  other  hand,  if  the  problem  is  expressed  in 
unfamiliar  terminology,  or  if  it  is  a  'new*  one, 
relatively  few  pupils  appear  to  attempt  to  reason. 
They  either  do  not  attempt  to  solve  it  or  else  give 
an  incorrect  solution." 

This  is  a  discriminating  criticism  of  the  traditional  textbook 
problem.    Monroe's  criticism  justifies  complete  rejection  of  such  problems. 
One  is  surprized  that  he  does  not  go  forward  in  his  thinking  to  such  re- 
jection. 

C.  The  need  of  functional  values  is  seen  but  they  are  sought 

under  the  heading  of  information  or  sociological  values.    In  this  article 

2/ 

Brueckner  —    in  1931,  attempts  "to  organize  subject  matter  in  arithmetic 
into  units  systematically  arranged  and  of  demonstrated  social  value". 

Pupils  study  the  unit  from  various  angles  until  the  important 
basic  generalizations  have  been  made  and  the  essential  content  has  been  mas- 
tered.   Under  the  guidance  of  the  teacher  pupils  may  initiate  and  plan  many 
of  the  activities  engaged  in  by  the  class  while  studying  the  unit.    In  this 


1/Ltonroe:  How  Pupils  Solve  Problems  in  Arithmetic,  (221). 
2_/Brueckner:  Vitalizing  Instruction,  (49). 


way  they  gain  valuable  experience  in  organizing  and  directing  their  work 
toward  socially  useful  goals.    The  subject  matter  has  more  meaning  because 
they  are  experiencing  it  and  can  see  the  relation  of  what  they  are  doing  to 
the  ends  to  be  achieved.    The  teaching  may  thus  be  adapted  to  individual 
differences  in  interests,  ability,  and  background. 

This  is  one  of  a  series  of  articles  on  better  teaching  of  arith- 
metic.   It  is  factual.    It  represents  an  attempt  to  improve  the  instruction 
of  arithmetic  in  the  schools.    It  admits  the  need  of  functional  work  but 
strives  in  the  wrong  direction  to  meet  the  functional  value. 

Brueckner  — ■   in  1932,  reviews  some  of  the  studies  in  the  field 
of  the  written  problem.    He  illustrates  the  problem  which  emphasizes  the 
computational  function  of  arithmetic  as  "How  much  do  five  apples  cost  at 
two  cents  each?"  and  the  problem  "How  can  we  insure  the  efficient  expendi- 
ture of  money  raised  by  taxation?"  as  that  type  which  brings  out  the  in- 
formational, sociological,  and  psychological  functions  of  arithmetic.  He 
concludes  that  valuable  time  is  wasted  on  conventional  problems  because  they 
are  often  highly  abstract,  beyond  the  comprehension  of  pupils  and  of  the 
puzzle  type.    He  suggests  that  the  school  give  more  consideration  to  the 
application  of  numbers  in  a  problematic  situation  where  the  child  will  have 
the  opportunity  to  experience  the  uses  of  numbers  as  it  is  employed  in  the 
affairs  of  life. 

This  is  a  critical  discussion.    It  looks  in  general  in  the  right 
direction.    The  last  sentence  above  indicates  an  approach  to  the  functional 
viewpoint  but  one  is  left  in  doubt  as  to  the  meaning  of  the  informational, 
sociological,  and  psychological  functions  of  arithmetic.    By  the  psycho- 


1/  Brueckner: Improving  Pupils'    Ability  to  Solve  Problems,  (44). 


logical  function,  does  he  mean  "training  in  reasoning",  "mental  discipline"; 
apparently  so. 

Brueckner  — ^  in  1932,  suggests  that  "arithmetic  can  make  a  valu- 
able contribut ion"  if  the  opportunities  which  present  themselves  in  sctool 
are  presented  to  the  children  so  that  they  will  have  practice  in  solving 
problematic  situations  which  in  many  respects  are  similar  to  those  that  are 
encountered  in  life  outside  of  school,    This  eliminates  the  isolated  prob- 
lem in  which  there  is  no  functional  relationship  between  the  various  prob- 
lems on  a  page  or  in  a  chapter. 

Brueckner  in  this  article  apparently  has  arrived  at  the  function- 
al viewpoint  in  that  he  sees  the  short-comings  of  the  isolated  problem  and 
suggests  the  utilizing  of  situations  which  arise  automatically  in  the  class- 
room. 

D.  The  true  purpose  of  the  written  problem  is  seen  and  the  pos- 
sibilities demonstrated.      For  two  years  the  revision  of  the  course  of 
2/ 

study  — t  in  arithmetic  was  the  basis  of  work  of  grade  teachers'  meetings. 
The  course  of  study  was  attacked  in  September  1909,  from  the  following 
angles: 

VThat  is  the  purpose  of  arithmetic? 

What  relationships  exist  among  abilities? 

Is  there  any  general  arithmetic  ability? 

Do  individuals  differ  in  ability  in  arithmetic? 
As  a  result  of  attacking  the  course  of  study  from  these  angles 
"a  simple  direct  procedure  with  an  appeal  to  business  experience"  was  recom- 
1/Brueckner:  The  Nature  of  Problem-Solving,  (46). 

2/Conner sville  Public  Schools:  Course  of  Study  in  Mathematics,  (87). 
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mended  as  the  method.    Applied  problems  in  the  form  of  motivated  units  was 
suggested  in  detail  for  each  grade,    rhe  purpose  of  such  was  to  give  each 
grade  a  given  field  in  which  to  work,  so  that  pupils  in  an  upper  grade  would 
not  experience  work  previously  studied.    It  seemed  desirable  that  in  each 
grade  pupils  be  led  rather  fully  into  at  least  one  line  of  applied  problems, 
but  the  applied  work  must  not  necessarily  be  confined  to  the  particular  line 
suggested.    A  concrete  situation  offering  a  fine  opportunity  along  some 
other  line  may  arise,  and  the  teacher  should  feel  free  to  utilize  it.  Every 
effort  should  be  made  to  use  the  arithmetic  work  in  concrete  situations  that 
grow  out  of  or  connect  themselves  with  pupil's  interests.    Ivfotivated  units 
as  suggested  by  the  course  of  study  for  particular  grades  are  as  follows: 


Second  Grade   Buying  groceries  and  kitchen 

provisions. 

Third  Grade  Clothing,  wearing  apparel, 

dry  goods. 

Fourth  Grade  Farm  products,  marketing,  pro- 
fits, and  so  forth. 

Fifth  Grade  Household  furnishings. 

Sixth  Grade  Simple  accounts.  Keeping  house- 
hold expenditure  accounts.  Labor 
expense  of  some  factory. 

Seventh  Grade  ........ .Banking  and  business  methods, 

saving,  loaning,  and  invest- 
ing money. 

Eighth  B  Grade   Investment  in  a  farm  or  residence 

property,    Equipping  farm  or 
building  residence. 

Eighth  A  Grade  Figuring  profits  in  different 

lines  of  business. 


These  teachers  expressed  their  findings  from  the  use  of  the 
course  as:  "We  soon  found  that  discarding  the  old  notions  of  formal  disci- 
pline and  of  the  transfer  of  abilities  was  affecting  all  the  lines  of  school- 
work,    reachers  became  more  sympathetic  and  the  work  was  made  more  interest- 
ing and  more  rational". 

The  Connor sville  Course  of  Study  is  an  invaluable  reference  for 
those  interested  in  the  units  of  arithmetic  and  especially  those  contemplat- 
ing a  revision  of  the  curriculum. 

Chapter  13       which  deals  with  Reasoning  Problems,  is  very  valu- 
able,   xhe  real  difficulty  of  the  written  problem  was  pointed  out  in  1926, 
in  this  little  volume.    The  author  says: 

"Our  attempts  at  remedying  the  artificial 
character  of  reasoning  problems  must,  on  the 
whole,  be  characterized  as  equally  artificial. 
What  we  need  to  do  about  reasoning  problems  is  t 
to  turn  in  a  gpod  full  stream  and  clean  out  the 
Augean  stables.    The  isolated  written  problem 
of  the  usual  type  should  disappear  from  text- 
books, and  the  schoolroom.    It  should  be  re- 
placed by  the  real  problem  arising  directly 
out  of  the  child's  experience.    This  means  that 
written  problem  work  hereafter  should  be  based 
upon  large,  sizable  thinking  situations,  and 
usually  developed  in  a  local  community.  'They 
should  be  well  within  the  comprehension  of  the 
child,  and  should  appeal  strongly  to  his  interests. 
They  are  not  primarily  computational,  but  informa- 
tional.   They  should  develop  understanding  of 
business  and  judgment  in  the  expenditure  or  use 
of  money. 

"It  is  evident  that  the  real  difficulty  is 
not  in  the  child,  but  in  the  nature  of  the  writ- 
ten or  reasoning  problems  used  as  a  basis  for 
work.    The  usual  written  problem  of  the  textbook 
is  formal  and  meaningless.    It  only  confuses  and 
annoys  the  child,  where  instruction  is  badly 
needed  and  where  instruction  is  appreciated  by 
the  child  if  rightly  given." 

1/  Wilson:  What  Arithmetic  Shall  >7e  Teach?  (365) 


One  author  —    in  1931,  reviews  much  of  the  work  done  on  written 
problems  and  notes  that  Hthe  big  revelation  that  two-thirds  of  all  errors 
occur  because  children  do  not  know  what  it  is  all  about  has,  as  yet,  found 
no  solution  in  textbook  form".      He  believes  that  we  need  to  abandon  the 
principles  of  mental  discipline  as  a  criterion  for  the  selection  of  subject 
matter,  replace  it  by  the  principle  of  social  utility  and  its  corollary, 
interest  and  understanding  by  the  child.      This  would  mean  the  omission  of 
the  textbook  written  problems  and  in  its  place  situations  based  directly 
upon  business  of  the  community.    In  the  long  run  we  would  secure  sense  and 
judgment  and  the  type  of  thinking  which  can  be  applied  to  any  situation 
actually  met  in  later  life.      This  type  of  work  calls  for  the  functional  ob- 
ject ive  viewpoint  in  an  attempt  to  rid  arithmetic  of  its  formal  aspect. 

2/ 

Miss  Piper-"    in  1932,  raises  the  question  why  should  we  assume 
that  verbal  or  written  problems  must  follow  the  traditional  form?  Investi- 
gations to  date  she  says  show  that  only  unsatisfactory  results  follow  the 
use  of  the  isolated  written  problem.    A  proposal  for  an  entirely  new  line  of 
attack  is  offered,  viz.,  vitalizing  the  community.    "This  is  one  of  the 
greatest  responsibilities  of  the  supervisor  and  presents  the  greatest  chal- 
lenge of  any  of  the  many  problems  in  the  field"  says  Hiss  Piper. 

In  these  two  articles  published  in  1934,  one  finds  brief 

descriptions  and  general  impressions  of  two  written  problem  units  by  two 

capable  classroom  teachers  teaching  in  different  states.  The  budget  unit  in 

1/  Wilson:  Present  Impasse  in  arithmetic,  (361). 
Zf  Piper:  Can  Arithmetic  Come  Alive?  (263). 

3/  Howe:  Delving  into  Real  Life  Through  Arithmetic  Problems,  (149). 
4/  Shea:  An  Informational  Unit  in  Arithmetic,  (295). 
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the  sixth  grade  and  the  travel  unit  in  the  eighth  grade  afford  opportunities 
for  thinking  before  figuring. 

Dr.  Snedden  ^  in  this  same  year  believes  that  school  .vork  should 
connect  with  life,  and  that  teaching  takes  place  only  when  children  are 
reached.    In  this  article  these  broad  principles  are  aptly  applied  to  the 
written  problem  in  arithmetic.    On  such  a  basis  he  sees  abundant  opportuni- 
ties for  profitable  units  developed  around  the  commodities  that  are  signifi- 
cant in  exchange  throughout  the  world.    He  adds  further,  commodities,  not 
measures,  are  the  real  basis  of  trade. 

2/ 

From  her  study  in  1932,  :<Iiss  White  —    showed  that  experience  in 
a  situation  involved  in  an  arithmetic  problem  is  an  important  factor  in  the 
selection  of  the  right  arithmetical  process  and  in  the  achievement  of  the 
right  answer.    It  also  showed  that  unfamiliarity  with  the  situation  involved 
in  the  problem  resulted  in  selection  of  a  wrong  process,  failure  to  attempt 
the  problem,  and  in  lack  of  completion  of  two-step  problems. 

5he  suggested  that  such  findings  should  be  of  significance  to 
textbook  makers.    She  raises  the  questions,  How  many  of  the  problems  in  our 
textbooks  are  based  on  children's  activities  and  experience?    If  in  analyz- 
ing textbooks  we  find  6,000  situations  represented  in  the  pro  blene  given,  can 
we  expect  that  any  great  percentage  of  these  are  truly  based  on  children's 
experiences? 

A  critical  discussion  of  how  arithmetic  suffers  is  described  by 
Dr.  McMurray  $J  in  1934,  who  as  early  as  1893  indicated  changes  in  the  pro- 
gram of  arithmetic  as  needed  many  of  which  are  still  unrealized.    This  dis- 

l/Snedden:Pro  posed  Functional  Approaches  to  Improvements  of  Problem  ,'/ork(308) 
2/ffhite:  Relation  of  an  Understanding  of  the  Situation  Involved  in  a  Problem 

and  Success  in  its  Solution, (360. 
3/McMurray:  What  is  the  liatter  With  Arithmetic?  (241). 
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cussion  was  prompted  by  a  visit  to  a  one-room  country  school  in  New  York  State 

in  which  a  class  in  arithmetic  was  figuring;  this  situation  results  in 

"food  for  thought". 

He  concluded  that  arithmetic  suffers  from  a  lack  of  rich  content 

and  continues  by  saying: 

"The  processes  should  never  be  the  main 
material;  for  children  can  manipulate  them  for 
a  month  at  a  time  without  gaining  a  single  idea 
interesting  enough  to  talk  about,    The  heart  of 
arithmetic  must  be  found  in  its  problems;  these 
should  deal  with  vital  subjects  and  their  ans- 
wers should  tell  a  story,    //hen  these  facts  are 
recognized,  attempts  to  enrich  the  curriculum 
in  arithmetic  will  become  fashionable  and  that 
subject  will  then  become  progressive.    It  is 
progressive  in  a  few  schools  today,  where  tool 
phases  are  subordinated  to  purposes." 

McMurray  is  keen.      He  realizes  that  what  we  are  doing  is  not 
right.    He  knows  what  ought  to  be  done;  however ,  he  does  not  reach  the  proper 
conclusions  in  his  attempts,  for  he  bases  them  upon  adult  experiences  in- 
stead of  child  experiences. 

This  article  — ^  1934,  contains  the  history  of  the  written  problem 
which  sets  up  the  child  and  his  experience  as  the  essential  considerations, 
i'o  support  the  statemant,  that  these  two  factors  have  not  been  considered, 
exhibits  of  a  collection  of  absurdities  in  written  problems  from  textbooks 
are  given.    They  are  nothing  but  puzzles,  or  mental  discipline,  or  at  least 
something  other  than  real  problems. 

Criteria  are  set  up  for  a  new  deal. 

"(a)  That  the  isolated  written  problem  be 
completely  abandoned. 


1/  Wilson:  Criteria  of  the  //ritten  Problem  in  Arithmetic,  (357). 
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"(b)  That  child  experience  become  the  basis 
for  all  written  problems,  and  that  the  limits  be 
such  extension  as  can  be  based  upon  really  signifi- 
cant experience  for  the  child.    Real  child  purposes 
will  thus  be  served.    Manipulation  of  numbers  as 
such  will  assume  a  secondary  place  in  significant 
problem  units. " 

In  1937  Miss  Allphin  ^  says  that  the  textbook  problem  has  seemed 
to  fail  its  mission.    It  is  a  thing  apart,  cold,  and  Pulseless  for  it  pre- 
sents no  challenge.    Textbook  problems  have  become  formalized  because  they 
are  abstracted  from  the  situations  in  which  they  were  once  vital.  "Real 
life  abounds  in  problems.    Seeing  eyes  and  listening  ears  are  all  that  are 
needed.    At  least  a  partial  desertion  of  the  textbook  problem  is  possible 
in  every  classroom". 

An  outline  of  a  year's  work  based  on  the  motivated  problem  unit 

2/ 

is  given  by  Harap  and  Barrett  —  1937,  with  one  final  unit  of  work  in  detail. 
This  article  is  an  outcome  of  an  experiment  in  an  attanpt  to  learn  whether 
the  fundamentals  could  be  learned  in  an  arithmetic  activity  program  for 
grade  three  in  an  average  class.    The  results  confirmed  earlier  findings 
that  the  fundamentals  can  very  satisfactorily  be  learned  in  a  program  of 
arithmetic  with  the  units  based  on  real  situations  in  which  arithmetic  is 

learned  as  it  is  used  —  not  before  it  is  used. 

3/ 

Hooper  and  Stratton  —   1937,  say:  "Power  in  the  use  of  number 
ideas  and  processes  is  a  matter  of  time,  experience  and  individual  ability. 
What  is  wanted  at  this  level  is  meaningful  experience".    In  this  article 
1/  Allphin:  Eliminating  the  Textbook  Problem,  (2). 

Zj  Harap  &  Barrett:  Experimenting  tfith  Real  Situations  in  Third  Grade  Arith- 
metic, (140). 

3/  Hooper  &  Stratton:  Developing  Number  Concepts  With  Young  Children,  (148). 


we  have  outlined  opportunities  for  the  development  of  number  concepts  in 
the  kindergarten  with  technique  to  carry  on  teaching  in  grades  one  and  two 
wMch  will  be  effective  to  the  extent  that  it  takes  him  where  he  is  and 
|   continues  to  help  him  find  satisfying  answers  to  his  own  questions  and  prob- 
lems, as  it  equips  him  with  added  skills  and  knowledge  to  meet  new  problems. 

E.  Summary.      This  section  summarizes  some  of  the  controversial 
and  critical  literature  which  was  written  between  1925  and  1938.    fle  find 
the  following  opinions.    Buckingham,  as  late  as  1930,  contends  that  the 
isolated  written  problem  is  valuable.    Brueckner  suggests  "as  wide  a  variety 
of  exercises  as  possible".    Obviously  both  of  these  men  missed  entirely  the 
meaning  of  the  written  problem.    They  accept  the  load  of  the  traditional 
isolated  textbook  problem  and  argue  that  this  type  of  problem  is  valuable 
without  ever  a  thought  of  the  true  purpose  of  the  written  problem. 

There  are  those  men  who  realize  that  the  traditional  load  is  too 
great.    They  see  no  way  out  of  this.    They  discuss  possible  causes  of  fail- 
ure.   Rice  admits  in  1925,  that  personal  conferences  with  children  revealed 
that  "they  knew  little  about  how  or  why  they  solved  the  problems  missed  in 
the  nammer  they  had  chosen".    Monroe  in  a  discriminating  criticism  of  the 
traditional  problem  reveals  that  he  sees  the  futility  of  the  isolated 
written  problem  load.    Yfliy  he  reverts  to  the  acceptance  of  the  traditional 
load  and  fails  to  examine  the  true  criteria  is  a  mystery.    Stone  at  this 
same  time  is  drilling  on  the  factors  of  reading  and  solving  isolated  prob- 
lems  for  better  results. 

Brueckner  sees  the  need  of  functional  values.    He  realizes  that 
valuable  time  is  wasted  on  conventional  problems  that  are  highly  abstract, 
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beyond  the  comprehension  of  the  child  and  of  the  puzzle  type.    He  does  not 
arrive  at  these  functional  values.    He  fails  when  he  seeks  them  under  the 
heading  of  informational,  sociological  and  psychological  functions  of  arith- 
metic. 

The  true  purpose  is  seen  by  McMurray,  Wilson,  Thite,  Piper,  All- 
phin  and  others,    rhey  conclude  that  the  activated  informational  unit  is 
the  one  and  only  solution  to  the  written  problem.    They  believe  that  there 
are  abundant  opportunities  to  delve  into  real  life  through  arithmetic  prob- 
lem units.    In  this  way  arithmetic  will  come  alive.    Real  child  purposes 
will  be  served  while  the  manipulation  of  numbers  will  assume  a  secondary 
place  in  the  motivated  informational  problem  units. 
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CHAPTER  IV 
SCIENTIFIC  RESEARCH  ON  WRITTEN  PROBLEMS 

Research  and  Controlled  Experimentation 

A.  Introduction.    For  a  century  no  one  questioned  the  validity 
of  the  textbook  type  of  isolated  problem.    Finally  men  such  as  Thorndike 
and  i.:c.:urray  began  to  question  it.    This  in  turn  lead  to  numerous  re- 
searches on  the  written  problem  most  of  which  centered  around  various 
factors  which  were  thought  to  have  an  effect  upon  pupils'  ability  to  solve 
a  problem.    Only  recently,  as  will  appear  in  a  later  discuss ion^ chapter  V, 
has  there  been  a  disposition  to  look  into  the  fundamental  purposes  and  to 
criticize  written  problems  on  that  basis. 

As  was  mentioned,  one  of  the  methods  ©f  arriving  at  the  truth 

of  problems  enshrouded  in  mystery  has  been  the  employment  of  research. 

As  a  limitation  of  this  method  we  have  the  following  definitions: 

"Research  is  the  search  for  truth  and  the  discovery  of  facts  not  the 
1/ 

rediscovery."  ~~       "It  should  be  set  up  in  all  its  details  so  as  not  to 

anticipate  the  conclusions.    Final  conclusions  that  are  adverse  to  the 

wishes  or  bias  of  the  researcher  should  have  equal  opportunity  of  being 
2/ 

established. " 

1/  Hanson;  Class  Notes  Boston  University,  Summer  Session  1937 
Zf  ./ilson:  Research:  Suggested  Standards  for  Summarizing  and  Reporting 
Applied  to  two  Recent  Summaries  of  Studies  in  Arithmetic,  p. 187  (363) 


B.  The  acceptance  of  the  traditional  load  and  its  mastery  With 
mental  discipline  as  the  justification.     Under  this  title  we  find  that 
many  studies  have  been  carried  on.    In  the  main  they  have  tried  to  justify 
the  mastery  of  the  written  problem  on  the  basis  of  familiarity  of  the 
situations,  interesting  statement  of  the  problem,  comparative  abilities, 
and  "cues"  that  indicate  the  process  involved  in  the  solution  of  the 
written  problem,  along  with  miscellaneous  factors.      Some  of  these  studies 
will  be  reviewed  in  brief.    However,  since  the  acceptance  of  the  tradi- 
tional problem  is  not  our  aim  these  summaries  merely  give  us  the  trend  of 
thought  which  some  seem  to  have  accepted  as  the  solution. 

Davies  —//'l9l4,  carried  on  an  experiment  to  determine  to  what 
extent  computation,  reasoning,  visualizing,  memory  span  and  mental  arith- 
meticnare  relates  to  each  other  and  to  what  extent  each  is  related  to 
general  efficiency"  in  arithmetic. 

Special  tests  were  designed  to  give  measures  of  computation, 
reasoning,  visualizing,  memory  span,  and  mental  arithmetic,     The  term 
"grades"  in  arithmetic  was  used  as  measures  of  general  efficiency. 

Data  were  obtained  from  two  adult  classes  numbering  twenty-nine 
and  thirty-two  persons. statistical  method  (rank  order  correlations)  the 
following  were  arrived  at: 

1.  There  is  a  close  relationship  between  the  skills 
in  the  four  fundamental  operations. 

2.  A  rather  close  relationship  between  computation 
and  term  grades  (  r  equals  0.44  plus  .10) 

3.  A  very  slight  relationship  between  visualization 
1/  Davies:  Elements  of  Arithmetical  Ability,  (94) 
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and  memory,  memory  span  and  "mental"  arithmetic, 
memory  span  and  visualization. 

4.  A  rather  high  relationship  between  visualiza- 
tion and  term  grades,  and  between  visualiza- 
tion and  reasoning. 

5.  A  very  slight  relationship  between  computation 
and  reasoning. 

6.  A  close  relationship  between  reasoning  and  term 
grades. 

7.  A  very  great  variation  among  the  pupils  in  each 
ability. 

The  investigation  lacks  reliability  because  of  the  small  number 
of  persons  from  whom  data  were  obtained  and  no  apparent  attempts  to  con- 
trol   the  experimental  factors.    The  principle  conclusion  calls  attention 
to  the  close  connection  between  reasoning  and  general  efficiency  in  arith- 
metic.   Davies  accepts  the  isolated  problem  as  the  load  which  we  are 
traditionally  bound  to  carry. 

One  of  the  earliest  studies  to  determine  the  difficulties  inherent 

1/. 

in  concrete  arithmetic  problems  was  reported  by  IvJerton  and  Banting  ln 
1921.      tfiss  :.Ierton  reported  on  elimination  of  mechanical  difficulties  as 
the  first  necessary  step  to  improve  written  problem  work.    Definite  remedi- 
al work  was  carried  on  under  her  direction,  however  there  are  no  conclusions 
as  to  the  results  in  this  remedial  program. 

Banting  began  a  study  in  February  1922  with  the  grades  below  the 
junior  high  school.    His  aim  was  the  elimination  of  difficulties  in  reason- 
1/  Merton  k  3anting:  Remedial  ,7ork  in  Arithmetic ,  (210). 
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ing.    He  cites  fourteen  causes  of  failure  in  problem  solving  as  follows 
"1.  Failure  to  comprehend  the  problem  in  whole  or 
in  part.     (Lack  of  ability  to  read) 

2.  Lack  of  ability  to  perform  accurately  and 
readily  the  fundamental  operations. 

3.  Lack  of  the  knowledge  of  facts  essential  to 
the  solution  of  a  problem.    For  example,  lack 
of  knowledge  of  the  tables  of  weights  and 
measures,  etc. 

4.  Lack  of  the  ability  to  identify  the  proper  pro- 
cess or  processes  with  the  situations  indicated 
in  the  problem. 

5.  Lack  of  sufficient  interest  in  the  problem  to 
inspire  the  required  mental  effort. 

6.  Failure  to  form  the  habit  of  verifying  the 
results. 

7.  2he  habit  of  focusing  the  attention  upon  the 
numbers  and  being  guided  by  them  instead  of  by 
the  conditions  of  the  problem. 

8.  Pupils  are  sometimes  completely  non-plussed 
by  large  numbers. 

9.  i'he  habit  of  being  guided  by  some  verbal  sign 
or  "cue"  instead  of  making  an  analysis  of  the 
problem. 


10.  Lack  of  ability  or  care  to  properly  arrange 
the  written  work  in  orderly  logical  form. 

11.  The  failure  to  recognize  the  mathematical 
similarity  to  type  problems  which  the  pupils 
understand,  because  of  some  unusual  situation. 

IE.  Lack  of  ability  to  understand  quantitative 
relations  such  as: 

a.  Cost,  loss  or  gain,  selling  price. 

b.  Income,  expenditures,  amount  saved. 

c.  Interest,  rate,  time, principal 
amount . 

d.  Time,  distance,  rate. 

13.  The  pupil  may  fail  because  the  problem  requires 
exertion  beyond  his  span  of  attention. 

14.  The  pupils  may  fail  because  of  absolute  inability 
to  do  reflective  thinking. n 

In  order  to  overcome  these  difficulties,  Banting  has  given  the 
following  remedial  suggestions: 

1.  Give  special  drill  in  silent  reading. 

2.  Give  wealth  of  experience  in  situations  which 
involve  number  relations. 

3.  Automatize  the  fundamental  operations. 

4.  Papils  should  not  be  given  problems  which  re- 
quire for  their  solution  facts  which  they  do 
not  know  and  can  not  secure. 
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Banting's  work  was  carefully  done,  out  he  was  evidently  using 
as  a  basis  the  old  isolated  textbook  problem.      /e  advocates,  as  one  step 
in  his  remedial  program,  giving  the  child  practical  problems  of  daily 
life,  but  contradicts  himself  in  many  other  of  his  recomnendations.    If  a 
child  is  genuinely  interested  in  a  problem  based  on  a  real  life  situation, 
the  number  of  steps  involved  in  the  problem  will  be  of  minor  importance. 
He  places  drill  in  silent  reading,  including  technical  vocabulary  drill, 
as  of  primary  importance  in  the  improvement  of  problem  solving.     If  prob- 
lems are  based  on  situations  familiar  to  the  child,  such  technical  vocabu- 
lary drill  will  be  unnecessary.    Banting  urges  the  teacher  to  "lead  the 
child  to  use  reflective  thinking",  but  he  suggests  the  teaching  of  definite 
cues  -  a  process  which  eliminates  the  need  of  much  reflective  thinking. 

Banting's  failure  to  define  in  his  mind    the  true  purposes  of 
written  problems,  makes  all  of  his  suggestions  of  little  or  no  value. 

Newcomb^in  1922,  in  an  attempt  to  compare  the  effectiveness  of 
the  "usual  manner"  of  solving  problems  with  a  method  that  emphasized  a 
"careful,  systematic  and  logical"  procedure  chose  four  classes  of  seventh 
and  eighth  grade  pupils  to  whom  he  taught  the  proposed  method,    two  other 
classes  v/ere  used  as  the  check  or  control  group.    The  initial  and  final 
ability  of  both  groups  were  measured  by  the  Stone  Reasoning  Test  2.  In 
the  "careful,  systematic  and  logical"  procedure  the  pupils  were  instructed 
to: 

1.  Understand  each  step  in  the  problem 

2.  Read  the  problem  intelligently 

1/  Newcomb:  Teaching  Pupils  How  to  Solve  Problems  in  Arithmetic,  (250). 
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3.  Add,  substract,  multiply  and  divide  with 
speed  and  accuracy. 

4.  Determine  what  is  ^iven  in  the  problem. 

5.  Determine  what  is  required. 

6.  Select  the  different  processes  to  be  used  in 
the  solution  and  the  order  in  v/hich  these 
processes  are  to  be  used. 

7.  Plan  the  solution  wisely  and  systematically. 

8.  Check  readily. 

After  "twenty  carefully  prepared  problems  of  graded  difficulty" 
had  oeen  taught  to  the  four  classes  comprising  the  experimental  group,  one 
each  day,  Stone  Reasoning  Test  2  was  repeated.      From  the  test  results  it 
was  shown  that  the  experimental  group  had  made  appreciably  greater  improve 
ment  both  in  accuracy  or  reasoning  and  speed  in  reasoning. 

The  experiment  suggests  that  pupils  who  are  especially  trained 
in  the  analysis  of  the  method  or  technique  of  problem-solving,  do  profit 
some.    The  results  are  favorable,  but  "training  in  reasoning"  to  solve 
the  traditional  textbook  problem  is  not  a  legitimate  aim. 

Banting^l922,  made  a  careful  study  in  the  Vaukeska,  Wisconsin, 
Schools  of  causes  of  failures  or  of  inability  to  reason  correctly  in  the 
solution  of  simple  problems.    He  listed  fourteen  causes.    Among  them  were 
such  causes  as  failure  to  oomprehend  the  problem  in  whole  or  in  part,  and 
inability  on  the  part  of  the  pupil  to  do  reflective  thinking.  These 

l/banting:  iHimination  ofDiff iculties  in  Reasoning,  (8). 

(This  is  the  same  study  which  Banting  referred  to  on  page  58.    It  will 
be  noted  that  the  conclusions  are  somewhat  the  same.) 


appeared  to  be  blanket  terms  but  Banting  interpreted  the  first  into  four 

subheads,  the  last  of  which  seemed  to  be  the  most  vital,    namely,  lack 

of  necessary  experience  to  reproduce  mentally  the  concrete  situation  of  the 
problem.    Such  causes  as  lack  of  ability  to  identify  proper  processes,  lack 
of  interest  in  the  problem,  focusing  on  the  numbers  involved  rather  than  on 
the  situation,  being  guided  (or  misguided)  by  verbal  signs  instead  of  an- 
alyzing the  problem,  are  causes  which  the  Department  of  Principals  believe 
may  be  closely  allied  to  the  lack  of  understanding  of  the  situation  in- 
volved.   In  co-operation  with  the  teachers,  -.anting  devised  corrective  or 
remedial  devices  for  each  of  these  difficulties. 

x'his  study  analyzed  the  causes  of  failure  to  solve  the  traditional 
isolated  problem  and  from  this  standpoint  offers  remedial  suggestions  on 
solving  problems  of  the  older  type;  however,  the  true  purposes  of  problem 
work  are  not  served  by  the  isolated  problem.    Banting  missed  the  true 
meaning  and  purposes  of  written  problems. 

::orton^l925,  analyzes  errors  in  problem  solving  into  eight 
classes,    x'hey  are  listed  as: 

1.  Procedure  wholly  wrong  or  entirely    inadequate    57. 8$ 


2.  Procedure  partly  wrong  7.7 % 

3.  Inadequate  knowledge  of  process  involved  5.9;i 

4.  Procedure  correct  so  far  as  carried  out  but 
incomplete  6. 6>i 

5.  Errors  in  computation  14.9$ 

6.  Errors  in  copying  figures  or  words  4.7,o 


1/  ...orton:  An  Analysis  of  Pupils'  Errors  in  the  Solution  of  Arithmetic 
Problems,  (227). 


7.  Lack  of  knowledge  of  facts  0.5^ 

8.  Jnknown  1,0% 

Type  "1"  which  includes  over  half  of  the  errors  and  types  "2" 
"4"  and  "7"  are  concerned  directly  with  the  problem  solution. 

..orton  realizes  these  types  of  difficulties  but  fails  to  see  the 

possibility  of  the  elimination  of  many  confusions  which  result  in  wrong 

procedures,  incomplete  solutions  and  lack  of  knowledge  of  facts  involved 

in  the  situation.    If  the  problem  were  large  objective  units  and  within 

the  understanding  of  the  child,  these  errors  would  not  be  present. 

1/ 

Jashburne  and  Osburne-'  1926 ,  carried  on  an  experiment  which  in- 
volved the  co-operation  of  eighteen  different  schools  or  763  children  in 
grades  six  and  seven.     In  this  article  they  summarized  the  second  year  of 
the  study  and  involved  the  relative  merits  of  three  methods  of  training 
children  to  solve  problems.    They  found  that  giving  children  many  problems 
to  solve  takes  precedence  as  a  method  over  training  to  see  analogies  be- 
tween difficult  written  problems  and  simple  oral  ones,  which  in  turn  takes 
precedence  over  training  children  to  analyze  problems  according  to  a 
technique  presented.      They  find  that  familiarity  of  setting  has  some  in- 
fluence on  success  and  conclude  that  many  problems  with  familiar  situations 
should  be  given  rather  than  training  in  analogies  or  formal  technique. 

These  men  see  only  the  traditional  problem,  which  should  be  en- 
tirely eliminated  from  school  work.     It  should  cease  to  be  a  matter  of  con- 
cern . 

if  Jashburne  &  Osburne:  Training  Children  How  to  Solve  Arithmetic  Problems, 
(343) 


Dr.  Uorton—  1926,  carried  on  an  experiement  with  300  pupils  in 
grades  five,  six,  seven  and  eight  of  a  city  school  system,  in  an  attempt 
to  determine  the  degree  of  correlation  between  ability  in  problem- solving 
and  certain  other  abilities.        He  found  the  following  correlations  with 
ability  in  problem- solving: 


Verbal  intelligence 

.78 

Read  rate 

.23 

Non-verbal  intelligence 

.52 

1  arks  in  school  subjects 

.33 

Arithmetic  skills 

.70 

Marks  in  deportment 

.05 

Reading  comprehension 

.61 

Attendance 

.11 

Age 

.34 

Dr.  Morton  gives  three  qualities  which  he  considers  necessary 
for  good  problems,    They  are: 

"1.  Reality  -  such  as  might  occur  in  experience  of 
the  particular  group  for  which  they 
are  selected. 

2.  Interest  -  should  deal  with  interesting  situa- 

tions. 

3.  Language  -  should  be  worded  in  interesting 

appealing  language  which  children 

can  understand." 
Dr.  Norton  missed  the  point  entirely.    The  old  type  of  written 
problem  scale  is  very  good  as  a  part  of  an  intelligence  test  but  has  no 
value  as  a  measure  of  the  true  purpose  of  problem  units  of  the  functional 
type.    Uorton,  to  counteract  the  lack  of  understanding  of  what  a  problem 
is  about,  suggests  many  artificial  aids.    This  seems  to  indicate  mere 
1/  L'orton:  Teaching  arithmetic  in  the  Intermediate  trades,  (230). 
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polishing  of  the  surface  while  we  continue  to  give  to  children  problems  which 
are  mere  mental  gymnastics. 

The  investigation  by  Hydle  and  Clapp^^l927 ,  is  concerned  with"the 
study  of  psychological  elements  that  function  in  connection  with  reflective 
thought  or  reasoning  in  arithmetic".    It  is  an  elaborate  experiment  tried 
out  in  grades  four  to  eight,  involving  300,000  solutions,  and  ei^ht  ele- 
ments of  difficulty  which  affect  the  solution  of  the  problem.    The  problems 
were  scored  only  as  to  correctness  of  the  answers  and  no  attempt  was  made 
to  differentiate  between  various  types  of  wrong  answers.    The  eight  ele- 
ments of  difficulty  which  were  studies  separately  in  this  experiment  were: 

1.  Objective  setting           familiar  vs.  unfamiliar 

situations. 

2.  Size  of  numbers           large  vs.  small. 

3.  Unfamiliar  objects. 

4.  Arrangement  of  problems  within  a  series. 

5.  Hon-essential  elements. 

6.  Visualization  vs.  experience. 

7.  Form  of  statement. 

8.  Symbols. 

,7ith  reference  to  these  various  elements  authors  concluded: 

1.  The  unfamiliar  situation  is  an  element  of  dif- 
ficulty in  problem-solving. 

2.  Size  of  numbers  does  constitute  a  difficulty. 

3.  xhere  is  difficulty  with  unfamiliar  objects. 


1/  Hydle  k  Clapp:  Elements  of  difficulty  in  the  Interpretations  of 
Concrete  Problems  in  arithmetic,  (155). 


4.  Series  of  problems  are  easier  than  isolated 
problems. 

5.  I'he  difficulty  increased  :>'ith  inclusions  of 
non-essentials  in  a  problem. 

6.  Situations  which  one  has  experienced  are 
perhaps  more  easily  visualized  than  situa- 
tions which  one  has  never  experienced. 

7.  The  simplest  form  is  the  most  successful, 
not  the  long  story  form. 

8.  Symbols  such  as  "x"  or  "y"  substituted  for 
terms  ordinarily  used  in  the  statement  of 
problems  makes  little  difference. 

The  authors  conclude  that  thinking  of  pupils  in  arithmetic  is 
largely  a  matter  of  visualization  concerning  the  conditions  of  the  problem. 
They  advise  a  conscious  attempt  to  prepare  teaching  materials  with  graded 
problems  from  those  with  easily  visualized  conditions  to  those  with  harder 
conditions.    In  this  conclusion  we  find  the  implication  that  the  problem 
should  be  solved  for  itself  alone.    There  is  present  also  the  old  idea  of 
training  for  mental  disclipline  in  the  point  of  view  of  these  authors. 
However,  if  one  goes  over  the  percentage  of  right  and  wrong  as  revealed  by 
the  tests  given  under  each  element  of  difficulty,  one  will  find  the  per- 
centage of  errors  very  large  even  under  the  problems  with  the  particular 
element  of  difficulty  removed.    This  would  seem  to  indicate  that  if  the 
traditional  type  of  written  problem  is  to  be  used,  it  makes  very  little 
difference  as  to  what  is  left  out  or  put  into  it.    The  same  poor  results 


are  obtained  in  either  case. 

Their  study,  although  a  very  thorough  one,  failed  to  meet  a  most 
important  condition.    They  used  for  their  tests  the  old  traditional  or 
isolated  type  of  problem  which  fails  to  consider  the  familiarity  of  the 
situation  as  being  a  vital  element  for  success  in  written  problems  for 
children.    They  also  failed  to  analyze  the  types  of  errors  in  the  problems 
studied,  the  answers  being  accepted  or  rejected  on  the  answer  alone. 


futile  to  expect  visualization  from  all  pupils;  some  have  zero  visual 
imagery . 


tendency  or  maladjustment  it  is  which  habitually  produces  error  instead  of 
accuracy?    'Jhy  after  years  of  training,  presumably  in  fundamental  processes 
and  number  facts,  do  many  pupils  persist  in  error  and  improper  habits  of 
reasoning?    The  pupils  were  selected  from  teacher's  reports  as  doing  un- 
satisfactory work  in  arithmetic  .    Seventeen  individuals  of  junior  high 
school  level  with  I.  Q's  from  84  to  118  were  used.    Reasons  for  the  most 
outstanding  weakness  or  cause  of  difficulty  in  the  teacher's  judgment  and 
the  Stanford  reading  and  arithmetic  scores  for  October  1927,  were  also 
reported.    These  seventeen  pupils  were  studies  intensively  and  observed. 
For  each  of  the  seventeen  individuals  selected,  from  a  possible  fifty-four, 
a  detailed  case  history  was  prepared  by  the  classroom  or  homeroom  teacher. 
nfter  an  examination  of  the  detailed  history  of  each  case  had  been  made,  a 
1/  Betts:  Imagery,  (14). 

£_/  Chase:  The  Diagnosis  and  Treatment  of  Some  Common  Difficulties  in 
Solving  Verbal  Problems  in  Arithmetic,  (74). 


A  study  by  Betts—  years  ago  on  Imagery,  indicates  that  it  is 


Chas 


1929,  aimed  to  discover  what  sort  of  synapse , mental 


battery  of  testa  in  the  fundamentals  and  in  reasoning  was  :/iven  to  ascer- 
tain as  many  specific  causes  of  difficulty  as  possible,    'x'he  technique  used 
is  illustrated  by  a  detailed  account  of  one  case  of  remedial  work  for 
three  months.    Chase  concluded  that  a  common  cause  of  difficulty  in  solv- 
ing verbal  problems  was  found  to  be: 

(a)  Insufficient  mastery  of  fundamentals,  division 
being  the  most  serious  cause  of  error  in  ten  of  the 
twelve  cases. 

(b)  Half  of  the  cases  could  not  tell  which  process 
to  apply  in  solving  verbal  problems. 

(c)  Other  causes,  such  as  improper  reasoning  habits, 
faulty  reading  and  weak  comprehension,  were  found 

to  be  responsible  for  much  difficulty  and  failure. 

(d)  larked  impro vament  can  be  brought  about  by  the 
application  of  corrective  treatment  based  upon  a 
systematic  study  and  diagnosis  of  individual  difficul- 
ties. 

Chase  is  decidedly  on  the  wrong  track.    Justification  of  the 
traditional  written  problem  today  in  the  light  of  experiments  such  as 
Cummings,  Russell,  .'cl-'ahon,  V/hite  and  even  :Jc:..'urray  is  as  unwarranted  in 
the  light  of  present  day  aims  as  would  be  a  spelling  load  of  twenty-five 
miscellaneous  words  per  day  for  a  third,  fourth,  fifth  or  even  sixth 
grade  child. 

Stone  —^1930,  studied  the  value  of  certain  diagnostic  and  prac- 
tice tests  as  means  of  improvement  as  measured  by  the  tests  themselves. 

17  3t9ne:  An, Experimental  Study  in  Improving  Ability  to  Reason  in  Arith- 
—  met ic ,  1314 J . 
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Naturally  improvement  was  shown  because  of  the  similarity  of  material.  All 
materials,  practice  and  testing,  was  the  older  isolated  problem  type.  The 
experiment  tends  to  show  the  effects  of  practice  on  this  particular  type 
of  material  used,  rather  than  an  improvement  in  ability  to  reason  arith- 
metically in  life,    vhe  problemsused  were  apparently  of  the  isolated  text- 
book type,    The  aim  involved  is  merely  an  adjusted  form  for  "mental  dis- 
cipline" which  certainly  isn't  the  purpose  of  the  written  problem  today. 

Buswell  and  John  —^1931,  presented  a  series  of  studies  dealing 
with  the  nature  and  development  of  concepts  of  technical  and  semi-technical 
terms  in  the  arithmetic  of  the  first  six  grades.    Among  the  investigations 
reported  are:  giving  of  group  tests  on  the  understanding  of  100  arithmeti- 
cal terms  to  1,500  children  in  grades  four  to  six;  the  giving  of  individual 
tests  emobdying  thirty-three  arithmetical  words  and  phrases  to  240  children 
in  grades  one  to  six;  and  a  study  of  the  initial  explanations  of  a  selected 
list  of  words  in  ten  textbooks.    They  presented  data  showing  enormous  vari- 
ation among  pupils  in  their  knowledge  of  the  vocabulary  of  arithmetic.  In 
some  grades  and  some  school  systems  the  growth  in  understanding  is  meager; 
in  other  grades  and  systems  the  growth  is  as  much  as  60.2$.  Misconception 
of  some  terms  do  not  decrease  materially  from  grade  four  to  six.  They 
found  that  the  lack  of  adequate  drill  for  fixing  meaning  may  be  attributed 
to  lack  of  growth  in  vocabulary  on  the  part  of  the  pupils. 

They  failed  to  see  the  futility  of  the  isolated  problem.  They 
attempted  to  improve  it  not  realizing  that  there  is  no  need  to  carry  the 
load. 

1/  Buswell  <c  John:  The  Vocabulary  of  Arithmetic,  (63). 
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Robertson's  study  — ^1931,  of  pupil  ability  in  oral  problem- solving 
contributes  nothing  of  value.      All  work  is  with  the  isolated  problem  of  the 
traditional  type. 

2/ 

Neulon  —    1931,  in  accepting  the  traditional  problem  of  the  text- 
book reported  in  his  study  that  the  correlation  between  problem-solving  and 
skill  in  fundamental  operations  was  considerably  higher  than  between  problem- 
solving  and  general  intelligence. 

3/ 

Mitchell  —   1932,  working  with  117  pupils  in  grades  seven  and  eigh 
reconstructed  a  set  of  five  difficult  reasoning  problems  by  adding  a  series 
of  analytical  questions  to  each.    He  compared  the  scores  on  the  reconstruct- 
ed problems  with  previous  scores  on  the  original  set.      He  finds  a  marked 
improvement  as  a  result  of  analytical  exercises  and  concludes  that  accom- 
panying lists  of  verbal  problems  with  analytical  questions  helped  materially 
in  the  children's  ability  to  solve  problems  correctly. 

Mitchell  has  accepted  the  task  of  mastery  of  the  isolated  problem 

of  the  textbook.    This  obviously  is  one  of  the  lowest  forms  of  attempt  to 

eliminate  the  difficulties  involved  in  the  solution  of  the  written  problem. 

4/ 

Stevens  —    1932,  raises  two  questions  in  his  experiment: 
1.  Does  it  necessarily  follow  that  inability  in 
solving  reasoning  problems  in  arithmetic  are 
accompanied  more  frequently  by  high  reading 

1/  Robertson:  Problem-Solving  in  Arithmetic,  (283). 

Zf  Neulon:  Problem-Solving  in  Arithmetic:  A  Study  of  Certain  Factors  in  the 
Allocation  of  Arithmetic  Problems  Involving  One  or  IJore  Reasoning  Steps, 
(248) . 

3/  Mitchell:  Problem  Analysis  and  Problem-Solving  in  Arithmetic,  (216). 
4/  Stevens:  Problem-Solving  in  Arithmetic,  (311). 

abilities  than  by  high  abilities  in  the  funda- 
mental operations  in  ari thmetic? 
2. What  are  the  relationships  of  the  ability  to 
solve  reasoning  problems? 
Stevens  sought  further  statistical  evidence  to  supplement  the 
"Common  sense  judgments"  on  which  instruction  in  this  field  has  commonly 
teen  cased,     .he  correlation  method  was  employed,  using  as  data  the  scores 
obtained  by  standard  tests  of  pupils  in  grades  three  to  seven  inclusive, 
i'he  four  variations  among  which  inter-correlations  were  calculated  follow: 

1.  ability  in  silent  reading. 

2.  Power  in  the  fundamental  operations  in 
arithmetic. 

3.  Power  in  solving  reasoning  problems  in 
arithmetic . 

4.  "General  Intelligence"  test  scores. 

A  final  group  of  3,089  pupils  in  grades  three  to  seven  were  used 
in  this  experiment.    They  were  selected  at  random  from  five  different 
localities  in  order  to  make  sure  that  the  findings  should  not  be  "merely 
local  in  their  significance".     The  selection  includes  pupils  from  grades 
three  through  seven  and  typifies  all  the  sizes  and  varities  of  schools 
found  in  a  state-wide  survey.    All  tests  were  administered  and  scored  by 
the  author,  and  the  data  subjected  to  statistical  treatment  by  means  of 
zero,  first,  and  second  order  correlations. 

The  findings  pointed  to  these  conclusions: 

1.  Ability  in  the  fundamental  operations  seems 


to  be  njore  closely  correlated  vjith  ability 
in  problem- solving  than  is  general  reading 
ability. 

2.  i'ests  of  problem  analysis  seem  to  have  higher 
correlations  with  tests  of  problem- solving 
than  do  tests  of  general  reading  or  of  funda- 
mental operations,  although  certain  studies 
seem  to  indicate  that  special  training  in 
problem  analysis  does  not  result  in  higher 
achievement  for  normal  pupils  in  problem- 
solving. 

The  author  points  out  that  further  experiments  are  needed  before 
"we  can  safely  say  that  the  teaching  of  problem-solving  in  arithmetic  rests 
upon  a  sound  scientific  basis". 

Stevens  bases  his  experiment  upon  the  isolated  problems  found  in 
standardized  tests.    This  is  not  the  aim  of  written  problems.    The  author 
has  not  the  correct  purpose  of  the  written  problem  in  mind. 

Wheat  —^1932,  aims  to  determine  which  type  of  arithmetic  problem, 
the  conventional  or  the  imaginative,  possesses  the  greater  value  as  an 
exercise  to  aid  in  generalizing  knowledge  of  the  fundamental  operations. 
'The  term  *  conventional'  is  used  to  describe  the  type  of  problem  in  arithmetic 
which  is  stated  in  the  simplest  and  most  direct  language  possible.  The 
term  'imaginative'  is  used  to  describe  the  type  of  problem  in  arithmetic 
which  contains  elements  of  the  total  situation  which  are  interesting  and 
and  have  an  imaginative  appeal." 

1/         ieirJ^in^ir^lnmitic1'"!^^  Conventional  and  Imaginative  Types  of 
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The  differentiation  in  this  study  is  on  a  basis  of  details  and 
not  children's  interest,    The  problem  situations  are  described  as  those 
"which  are  familiar  to  boys  and  Girls  in  the  fifth  grade  of  the  elementary 
school,    They  are  the  kind  of  situations  with  which  such  pupils  have  become 
familiar  in  part  through  actual  experience  and  in  part  through  contact  in 
the  daily  problem  practice  in  their  work  in  arithmetic".    Sixty  problems 
were  used  by  ,7heat ,  three  of  them  in  interrogative  form. 
,7heat  concludes: 

1.  That  pupils  of  the  intermediate  grades  are 
neither  hindered  nor  helped  in  their  problem 
practice  exercises  by  problems  of  the  imaginate 
type  of  the  practice  periods. 
Jheat  accepts  the  load  of  the  traditional  problem  and  strives  to 
master  it.    He  apparently  believes  that  the  aim  of  the  written  problem  is 
disguised  drill  for  his  purpose  was  to  find  which  "type  possessed  the 
greater  value  as  an  aid  in  generalizing  knowledge  of  the  fundamental 
operations". 

:.."onroe  and  Snglehart  — '  1933,  in  an  effort  to  determine  the  sys- 
tematic program  of  instruction  in  the  rea  ing  of  verbal  problems  in  arith- 
metic carried  on  an  experiment  with  thirteen  classes  in  grade  five.  The 
teachers  of  the  control  classes  taught  pupils  how  to  solve  arithmeticl  prob 
lems  by  methods  customarily  employed  by  all  the  teachers  of  the  fifth  grade 
£h*y  used  incidentally  techniques  designed  to  engender  the  ability  to  read 
problems.    The  teachers  of  the  experimental  classes  definitely  used  in  a 

1/  ..onroe  Tz  Jnvlehart:  The  Effectiveness  of  Systematic  Instruction  in 
Reading  Verbal  Problems  in  Arithmetic,  (225) 
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systematic  manner  a  more  comprehensive  array  of  such  techniques. 

Precautions  were  taken  to  secure  control  of  non-experimental 
factors,  such  as  environment,  time,  teacher,  skill,  zeal,  etc.    They  found 
no  significant  dirferences  in  the  results  obtained  between  the  experimental 
group  in  which  reading  of  verbal  problems  was  stressed  and  in  the  equated 
classes  in  which  reading  of  verbal  problems  was  not  emphasized,    'i'hey  con- 
cluded that  difficulties  attendant  upon  use  of  experimental  method  rendered 
results  uncertain. 

This  experiment  is  based  on  "training  in  reasoning"  which  leaves 
us  with  the  load  of  the  traditional  problem  to  carry.    This  is  the  wrong 
aim  for  there  is  no  solution  to  such  an  impossible  load. 

Brueckner  and  Lauman  — ^1933,  carried  on  a  study  in  an  attempt  to 
determine  the  reliability  of  judgments  of  ratings  of  a  group  of  problems 
of  known  difficulty  arranged  in  random  order  on  the  basis  of  a  problem 
scale  containing  arithmetic  problems  of  known  difficulty. 

This  article  reported  the  results  of  an  investigation  in  an  at- 
tempt to  measure  the  extent  to  which  judgments  of  difficulty  deviated  from 
known  ratings.     It  is  based  on  the  isolated  problem. 


1/  Brueckner  &  Lauman:  The  ...'easurement  of  Accuracy  of  Judgments  of  the 
Difficulty  of  Arithmetic  Problems,  (51). 


C.  The  admission  of  the  futility  of  the  textbook  problem,  - 

reversion  to  the  usual  form  of  traditional  pro bl era,  -  with  attempts  to 

1/ 

iiaprove  it.    The  pioneer  in  this  field  was  J.  M.  Rice,""  1902,  who  at- 
tempted to  evaluate  the  excellence  of  instruction  in  arithmetic  by  measur- 
ing the  results  of  that  teaching  and  to  determine  what  factors  contribute 
to  superior  results.    He  gave  a  test  to  6,000  pupils  in  the  fourth  to 
eighth  grades  inclusive.    On  the  basis  of  the  data  obtained  he  eliminates 
as  controlling  factors  home  environment,  size  of  classes,  time  of  day 
which  a  class  recites,  age  of  pupils,  time  devoted  to  arithmetic,  amount 
of  homework  required,  method  of  teaching  and  general  qualifications  of 
teachers,  and  concludes  that  the  quality  of  the  supervision  is  the  con- 
trolling factor  in  determining  the  achievement  of  pupils  in  arithmetic. 
This  was  merely  a  sues,  and  did  not  follow  from  the  data. 

The  experiment  is  open  to  criticism  as  might  be  expected  of  a 
pioneer  study,  but  it  stimulated  and  inspired  other  scientific  investiga- 
tions and  experimentation.    He  attempted  to  discover: 

1.  ih&t  is  the  nature  of  the  product  of  instruc- 
tion in  arithmetic? 

2.  .'/hat  factors  are  most  effective  in  producing 
arithmetical  abilities? 

3.  How  to  measure  these  abilities  and  to  set 
standards  of  attainment  in  these  abilities? 

4.  The  determination  of  superior  methods  of  in- 
struction and  courses  of  study  by  scientific 
experimentation. 

1/  Rice:  Test  in  Arithmetic,  (230). 


5.  A  scientific  analysis  and  study  of  the  learning 
process  as  it  occurs  in  the  case  of  arithmetic. 
After  careful  study  of  available  data  the  factors  contributing 
most  to  the  improvement  of  the  work  in  arithmetic  in  the  grades  were  found 
to  be: 

1.  The  setting  up  of  reasonable  standards  of  achieve- 
ment based  on  the  mental  capacity  of  the  average 
pupil. 

2.  i'he  use  of  scientifically  prepared  tests  in 
measuring  the  progress  of  the  pupils. 

Rice  as  early  as  1902  opened  up  this  question  of  the  value  of  text 
book  problems  and  attempted  to  find  some  solution  as  a  basis  for  better  prac- 
tice* 

ihe  attempt  was  made  by  Hackler,— '  1921,  to  ascertain  whether 
ability  in  mathematics  depends  on  ability  to  read,  at  least  to  a  certain 
extent.    Apparently,  comprehension  and  ability  in  silent  reading  is  the 
thing  in  the  author's  mind  since  silent  reading  tests  were  used.  A  corre- 
lation between  silent  reading  tests,  intelligence  tests  and  teacher's 
estimates  in  mathematics  and  other  subjects  was  made. 

Forty  students  in  the  preparatory  department  of  first  year 
classes  in  mathematics  in  the  Northeastern  State  Normal  School,  Tahlequah, 
Oklahoma,  and  pupils  of  grades  three  to  eight  of  the  'i'ahlequah  City  schools 
were  used.    The  preparatory  group  corresponds  to  first  year  high  school, 
but  is  far  more  heterogeneous  containing  a  wide  range  of  ages,  and  for 


1/ 


1/  Hackler:  The  Relation  between  Successful  Progress  in  Mathematics  and  the 
ability  to  Read  and  Understand,  and  the  Factors  that  Contribute  to  Success 
or  Failure,  (132) . 
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this  reason  the  correlation  studies  of  this  group  are  supplemented  by  an 
individual  analysis. 

The  results  of  the  investigation  did  not  confirm  the  original 
hypothesis  to  the  extent  expected.     It  failed  to  show  that  ability  to  suc- 
ceed in  mathematics  depends  to  any  great  extent  upon  reading  ability. 

Results  with  preparatory  schools  classes  showed  correlations  of 
.36  between  Kansas  Silent  Reading  Test  and  teachers'  estimates  of  ability 
in  first  year  mathematics  by  the  "listed  pairs"  method,  and  .60  by  the 
rank  difference  method.    In  the  city  schools  positive  correlations  of  from 
.22  to  .70  were  obtained  between  reading  tests  and  teachers'  estimates  in 
arithmetic.      vhe  author  stated  that  "Personal  investigations  and  analysis 
of  i  dividual  cases  lead  to  the  belief  that  reading  ability  is  a  factor  in 
successful  work  in  mathematics". 

Hackler  apparently  sees  the  futility  of  the  textbook  problem, 
but  does  not  see  any  way  to  a  better  practice. 

Stevenson,— ^1924,  carried  on  an  experiment  to  measure  increase 
in  ability  to  solve  arithmetic  problems.    The  experiment  covered  a  period 
of  twelve  weeks.    Remedial  instruction  in  the  technique  of  problem- solving 
was  the  basis. 

1.  During  the  first  three  weeks  the  pupils 
were  taught  to  analyze  textbook  problems. 

2.  Many  types  of  problems  containing  data  from 

actual  life  situations  were  solved  during 

the  second  three-week  period.    The  problems 

1/  Stevenson:  Increasing  the  Ability  of  Pupils  to  Solve  Arithmetic  Prob- 
lems, (313). 
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were  collected  by  pupils. 

3.  During  the  third  three-week  period  the 
pupils  solved  problems  "without  numbers". 

4.  The  last  of  the  three-week  periods  was 
devotee  to  a  study  of  the  difficult  words 
that  appear  in  textbook  problems. 

The  results  of  the  twelve  weeks  of  instruction  in  the  increase 
in  power  to  solve  problems,  as  measured  by  the  Buckingham  Scale  and  the 
Stevenson  Problem  analysis  Test,  was  approximately  equal  to  the  gains 
that  pupils  normally  make  during  an  entire  year. 

Stevenson's  data  showed  that  the  slower  pupils  made  the  greater 
gains.    He  attempted  to  find  a  way  over  the  usual  difficulties  encountered 
in  problem- solving,  but  his  work  was  confined  to  the  traditional  type  and 
his  measuring  scales  were  purely  traditional. 

I\Jorton,~  1925,  makes  the  statement  that  over  36$  of  errors  are 

due  to  failure  to  understand  the  significance  of  what  a  problem  is  about. 

To  counteract  this  lack  of  understanding,  we  find  many  suggestions  in 

the  form  of  artificial  aids.    The  child  should  ask  himself,  "'./hat  am  I 

to  find  out?    '.Vhat  am  I  asked?    ./hat  shall  I  do  with  these  numbers?" 

2/ 

Clark  and  Vincent,-  1925,  in  an  effort  to  compare  two  methods 

of  solving  problems  carefully  selected  two  equivalent  groups  of  eighth 

and  ninth  grade  pupils  to  solve  a  list  of  fifty  problems.     They  found  that 

most  textbooks  suggested  that  pupils  analyze  problems  by  thinking  accord- 

j     ing  to  the  traditional  method:  viz, 


1/  Norton:  Pupils'  Errors  in  Solving  Arithmetic  Problems,  (228). 

2/  Clark  &  Vincent:  A  Comparison  of  Two  Methods  of  Solving  Problems , (78) . 
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1. 


.■/hat  am  I  asked  to  do  in  this  problem? 


2. 


./hat  facts  are  known? 


3. 


How  should  these  facts  be  used  to  solve 


the  problem? 


Another  method,  less  generally  used,  called  for  the  following 
type  of  analysis,  graphic  presentation: 


la  In  this  problem,  I  am  trying  to  find  the 
profit;  the  profit  depends  upon  the  cost 
and  the  selling  price;  the  price  depends 
upon  the  number  of  articles  bought  and  the 
price  paid  for  each;  and  the  selling  price 
depends  upon  the  number  sold  and  the  price 
of  each.    I'hese  factors  are  given  in  the 
problem;  I  can  easily  solve  the  problem. 
They  conclude: 

1.  The  group  that  used  the  second  method  of  analysis 
received  the  highest  score  both  in  correctness 

of  reasoning  and  in  correctness  of  answer. 

2.  x'he  investigators  believe  that  the  graphic 
presentation  method  should  be  studies  more 
fully  before  its  superiority  over  the  tradi- 
tional method  can  be  claimed  with  an  degree 
of  certainty. 


This  was  one  of  the  first  carefully  controlled  experiments  in 
problem-solvin  . ,  cut  it  used  the  wrong  type  of  material. 


Myers,-  1925,  said  "The  chief  difficulty  in  problem-solving  is 
inability  to  comprehend  the  relationships  between  the  quantitative  elements 
in  the  verbally  presented  problem". 

His  contention  was  that  problems  presented  in  the  form  of  vivid 
imaginative  descriptions  are  more  readily  comprehended  than  similar  prob- 
lems presented  in  the  ordinary  brief,  terse,  conventional,  bookish  style. 
He  designed  a  test  containing  six  problems  each  phrased  in  two  ways.  The 
two  presentations  of  one  of  the  six  problems  follows: 

Bertha's  daddy  bought  her  a  new  string  of 
100  beads.     ..:hile  she  was  playing  tag,  the 
string  broke.    Poor  Bertha.    The  beads 
scattered  in  every  direction.    She  caught 
forty-eight  of  them  before  they  fell,  but 
she  found  only  half  of  the  rest.    When  she 
put  the  beads  on  another  string,  she  had 
only  beads. 

A  girl  caught  only  thirty-five  of  her  string 
of  135  beads  when  the  string  broke,  and  could 
find  only  half  of  the  rest ,  how  many  beads 
did  she  save? 

The  same  arithmeticl  reasoning  is  involved  in  the  paired  forms; 
there  is  a  slight  difference  in  the  computation  required  to  solve  them, 
though  iv.yers  evidently  assumed  there  was  no  difference.    The  twelve  prob- 
lems, arranged  in  mixed  ord'sr,  were  solved  by  468  persons.     In  five  of  the 
pairs  of  problems  or  less  than  50:^  the  imaginative  type  proved  noticeably 
1/  I.Iyers:  Prevention  and  Correction  of  2rrors  in  Arithmetic,  (233). 
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easier,  which  means  that  it  is  practically  a  fifty-fifty  proposition. 
.  yers  argues  for  the  more  interesting  form;  but  he  sees  only  the  usual 
textbook  form  of  problem. 

0.  S.  Lutes,— ^1926,  of  Iowa  University,  believes  that  practice 
in  computation  is  a  more  effective  means  of  improving  written  proclems 
than  two  other  methods  which  she  calls  "the  method  of  choosing  operations" 
and  "the  method  of  choosing  solutions".     In  her  study,  she  gave  preliminary 
practice  on  computations  which  were  similar  to  those  used  in  the  problems 
on  which  the  children  were  later  tested. 

2/ 

In  contrast  to  Lutes'  conclusions,  .7.  H.    /inch—  1910,  of  Zngland, 
believed  that  there  is  no  transfer  from  practice  in  computation  to  ability 
to  solve  reasoning  problems.    He  drew  his  conclusions  from  an  experiment 
which  he  carried  on  with  seventy-two  boys  with  an  average  of  ten  years, 
three  months. 

3/ 

;.7ashburne  and  Osburne,—  1926,  try  to  discover  the  factors  which 
cause  trouble  in  problem-solving.  A  carefully  controlled  experiment  cover- 
ing a  period  of  two  years,  vhe  study  is  introduced  with  the  thesis  that, 
"training  children  to  solve  arithmetic  problems  is  one  of  the  hardest  and 
most  discouraging  tasks  of  the  teacher,  l'he  pupils  seem  to  have  a  way  of 
doing  the  wrong  thing,  of  simply  juggling  the  numbers,  that  is  most  exas- 
perating".   They  conclude: 

1.  There  does  not  appear  to  be  any  difficulty 
in  reading  simple  one  step  problems  under- 
stand ingly . 


If  Lutes:  An  Evaluation  of  'i'hree  Techniques  for  Improving  Ability  to  Solve 
Problems,  (199). 

Zj  //inch:  Accuracy  in  School  Children.    Does  Improvement  in  Numerical 
accuracy  'Transfer'?  (370). 


3/  .Tashburne  k  Osburne:  solving  arithmetic  PTODlems,  (342). 


2.  No  relation  has  been  found  to  exist  between 
ability  to  make  formal  analysis  of  problems 
and  to  solve  problems. 

3.  Unfamiliarity  with  materials  and  situations 
in  problems  is  a  small  but  significant  factor 
in  causing  difficulty  with  problem- solving. 
While  the  unfamiliarity  of  the  situation 
enters  in  as  a  difficulty  in  problem-solving, 

it  is  not  so  large  an  element  as  might  be  supposed. 
The  materials  of  this  investigation  reveal  that  familiarity  with 
the  situation  is  not  be  identified  with  interesting  form  of  statement  for  the 
problem,    'ffhile  the  authors  do  not  exactly  condemn  the  traditional  problem  as 
worthless  their  study  does  indicate  that  they  are  interested  in  discovering 
and  removing  the  troubles  behind  the  difficulties  of  the  isolated  written 
problem. 

Among  those  who  advocate  training  in  vocabulary  as  a  means  of  im- 
provement in  written  problem  work  is   :is3  Oray,~^  1926.    She  reports  an  ex- 
periment carried  on  in  Hutchinson,  Kansas,  in  which  special  training  in  the 
vocabulary  of  arithmetic  problems  was  stressed.    Six  weeks  at  the  beginning 
of  the  low  sixth  grade  and  a  like  period  of  time  at  the  beginning  of  the 
high  sixth  were  set  aside  for  training  in  the  specific  vocabulary  of  arith- 
metic.     Certain  words  and  phrases  were  taught  so  that  the  pupils  might  gain 
a  background  of  experience  and  understanding  for  their  problem  work, 
•leachers  who  gave  such  training  claimed  that  it  improved  the  teaching  of 
arithmetic.    The  extent  of  improvement  is  not  indicated  nor  the  amount  of 
1/  Gray:  Teaching  Pupils  to  Read  Arithmetic  and  Other  Subject  Matter,  (216). 
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error  remaining. 

Lenore  J"ohn,-^A.927,  analyzed  types  of  frequencies  of  errors  in 

problem-solving  and  listed  them  under  errors  as  follows: 

Type                   Number  of                   Number  of 
types  errors 

Reasoning                          18  383 

Fundamentals                        6  160 

Reading                               6  86 

Miscellaneous                    10  69 

Total  698 
Out  of  698  errors  in  problem-solving,  she  found  the  highest  fre- 
quency 1d  be  reasoning.    Among  the  six  types  of  errors  in  reading  problems 
she  lists  one  which  is  significant  from  the  standpoint  of  the  objective 
viewpoint,  viz.,  obvious  misunderstanding  of  situation.    With  this  as  a 
basis  could  we  not  eliminate  difficulties  by  omitting  the  isolated  problem 
and  in  it's  place  use  the  informational  unit  which  would  be  within  the  child's 

comprehension  aid  experience? 

2/ 

Andrews,— '  1928,  attempted  to  determine  as  accurately  as  possible 
the  nature  and  extent  of  the  vocabulary  difficulties  which  lay  between  one 
group  of  pupils  and  their  success  in  a  course  in  mathematics. 

To  get  some  indication  of  the  difficulty  of  the  words  in  the  text, 

Breslich,  First  Year  Mathematics  for  Secondary  Schools,  they  were  checked 

against  the  Teachers'  Word  Book  which  is  a  list  of  the  10,000  most  important 

words  in  the  English  Language  compiled  by  Thorndike  on  the  basis  of  the  fre- 

1/  John:  Difficulties  in  Solving  Problems  in  Arithmetic,  (I64). 
2/  Andrews:  The  Vocabulary  of  the  Textbook  and  the  Pupil,  (5). 

quency  and  wideness  of  the  use  of  the  words  in  many  different  types  of  read- 
ing matter.      Since  Thorndike  estimates  the  average  vocabulary  of  the  ninth 
grade  pupil  at  between  10,000  and  11,500  words,  any  word  not  among  the 
10,000  most  common  words  in  the  language  is  open  to  the  suspicion  of  being 
unfamiliar  to  many  ninth  graders.    The  total  vocabulary  proved  to  be  2,4.86 
different  words,  or  counting  regularly  formed  derivatives  such  as  plurals, 
past  tenses  and  comparatives  of  the  same  word,  1,874  distinct  terms.  Of 
these  terms,  375  or  20$  are  not  among  these  10,000. 
In  view  of  these  facts  he  concludes: 

Pupils  will  be  handicapped  in  their  study  of  the 
textbook  by  their  lack  of  familiarity  with  its 
vocabulary. 

The  vocabulary  of  the  textbook  is  a  specific 
difficulty  in  the  pursuit  of  r.ost  high  school 
studies. 

The  biggest  step  in  its  remedy  is  consciousness 
of  this  difficulty  on  the  part  of  the  teacher. 
This  is  hardly  the  solution.    If  the  problems  were  within  the 
realm  of  the  child's  experience  there  wouldn't  be  any  necessity  for  vocabu- 
lary difficulties.    Adams  sees  only  the  isolated  problem. 

Hanna,-^  1929 »  working  with  three  groups  comprising  477  pupils 
proposed  to  drill  children  of  the  fourth  and  seventh  grades  on  selected 
arithmetic  problems  of  two  or  more  steps  for  a  period  of  six  weeks,  using 
three  experimental  factors  or  methods  of  problem-solving  and  then  to  measure 
the  difference  of  the  gains  attending  the  three  methods.    He  further  attempt 
1/  Hanna:  Arithmetic  Problem-Solving,  (137). 
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ed  to  measure  the  effects  of  these  methods  vith  children  of  three  levels  of 
arithmetical  ability. 

The  three  methods  cf  problem-solving  used  in  this  experiment  were 
called  the  dependencies  (graphic  or  diagrammatical),  the  conventional-formula 
(four-step),  aid  the  individual  (absence  of  any  formal  method).    They  were 
called  respectively  Experimental  Factor  A,  Experimental  Factor  B,  and  Experi- 
mental Factor  C.    To  equate  the  groups  a  batter  of  four  standardized  tests 
was  given  to  the  twenty-four  classes  of  children.    This  battery  of  tests 
served  twoparposes:  one,  to  equate  groups,  and  the  other,  to  give  initial 
scores  in  arithmetic.      It  c  nsisted  of  two  different  arithmetic  reasoning 
tests  and  two  forms  of  the  same  intelligence  test.    The  New  Stone  Test  in 
Arithmetic  Reasoning  (Form  2)  was  given  as  test  one.    Form  A  of  the  Pintner 
Rapid  Survey  Test  in  Intelligence  was  the  second  test  in  the  series.  The 
Stanford  Achievement  Test  in  Arithmetic  Reasoning  (Form  A,  Test  5)  was 
given  as  the  third.    The  final  test  was  Form  B.  of  the  Pintner  Survey. 
After  weighting  tests,  each  individual  was  given  a  composite  score  which 
scored  as  a  measure  of  equality  of  individuals  in  the  three  sections  of  the 
experiment . 

A  series  of  practice  periods  in  problem-solving  followed  using  as 
a  basis  mimeographed  sets  of  objectively  selected  problems.    These  problems 
were  accompanied  by  separate  instructions  and  illustrative  problem  solu- 
tions representing  each  of  the  following  types  of  analysis. 

1.  Conventional-formula  analysis • 

2.  Dependencies  analysis. 
3-  Individual  analysis. 


I 

< 

After  the  practice  period  there  followed  a  final  test  in  problem- 
solving  which  was  a  repetition  of  identical  standardized  forms  used  in  the 
initial  test. 

The  data  from  the  experiment  were  organized  into  two  studies:  (1) 
The  study  of  difference  in  ability  as  measured  by  a  comparison  of  means  of 
scores  of  differenct  groups  at  successive  stages  during  the  experiment.  (2) 
Study  of  the  reliability  of  the  differences  of  the  means  of  scores  of  initial 
and  final  tests  made  by  the  three  groups. 

The  conventional-formula  method  of  problem-solving  was  found  to 
give  the  least  gain  in  ability  when  compared  with  the  individual  or  the 
dependencies  methods.      When  the  iburth  and  seventh  grades  are  viewed  as  a 
whole  there  seems  to  be  no  difference  between  the  results  of  the  dependencies 
and  the  individual  methods.      In  the  final  analysis  of  the  results  of  this 
experiment,  one  would  not  be  justified  in  advocating  the  use  of  the  conven- 
tional formula  method  nor  could  one  say  definitely  whether  the  dependencies 
or  the  individual  method  is  of  greater  value  in  aiding  children  to  solve 
arithmetic  problems. 

Hanna  attempts  to  find  the  best  way  to  solve  the  isolated  textbook 
problems,  but  sees  no  v.Tay  out.    His  fundamental  error  is  the  basic  assump- 
tion that  isolated  textbook  problems  are  worth  solving. 

Adams,    1930,  in  a  comparative  study  of  two  methods  of  teaching 
problem- solving  in  grades  three  and  four  used  3,774  pupils  in  the  experi- 
ment.   1,938  pupils  were  used  in  the  experimental  classes  in  which  detailed 
analysis  of  the  steps  in  the  solution  of  verbal  problems  were  emphasized. 
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1/  Adams:  A  Study  of  the  Comparative  Value  of  Ttto  Methods  of  Improving 
Problem- Solving  Ability  in  Arithmetic ,  (1). 
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1,836  pupils  were  used  in  the  oontrol  group  in  which  the  same  problems  with- 
out the  analysis  of  the  steps  involved  in  the  solution  were  studied.    He  con- 
cluded: 

There  were  no  dirferences  in  the  results  ob- 
tained in  grade  four  A. 

Superior  results  in  the  experimental  classes 

in  grades  three  A  and  three  B. 

The  greatest  gain  from  specific  instruction 

in  problem-solving  was  in  grades  in  which 

problem- solving  is  just  beginning. 
Brownell  and  Stretch,—^  1931,  carried  on  an  experiment  to  dis- 
cover whether  children's  success  in  solving  arithmetic  problems  is  condi- 
tioned by  the  fact  that  they  are  familiar  with  the  settings  which  are  des- 
cribed in  the  problems.      This  investigation  dealt  with  the  responses  of 
256  pupils  in  grade  five  to  problems  in  four  different  settings  of  different 
degrees  of  familiarity  as  judged  by  teachers.      Their  study  terminated  in 
these  four  points,  viz., 

1.  That  unfamiliar ity  of  setting  decreases 
the  number  of  correct  answers  secured  from 
the  problems  and  that  it  accomplishes  this 
end  rather  by  interfering  with  the  choice 
of  operations  than  by  lowering  the  quality 
of  confutations. 

2.  That  there  is  evidence  for  believing  that 
the  influence  of  unfamiliar  settings  is 

1/  Brownell  &  Stretch:  The  Effect  of  Unfamiliar  Settings  on  Problem-Solving,  (: 

m 

conditioned  by  the  difficulty  aside  from 
the  setting;  the  number  of  times  a  given 
set  of  number  relations  has  been  dealt 
with;  and  the  amount  of  time  allotted  for 
solut  ion. 

3.  That  children's  choices  of  operations  for 
dealing  with  the  same  relationship  vary 
without  regard  to  the  setting. 

4.  That  65,;  to  90%  find  that  unfamiliar  situa- 
tions are  of  small  concern  so  far  as  ob- 
taining the  correct  solution  is  concerned, 
while  only  25 %  to  35;S  find  the  unfamiliar 
stiuation  a  source  of  difficulty. 

These  conclusions  are  somewhat  invalidated  by  the  small  number  of 
problems  involved  and  the  fact  that  the  experiment  was  tried  with  only  256 
children.    1'he  problems  used  were  those  of  the  traditional  or  isolated  type. 
Knowing  what  ...iss  ..rhite    has  done  we  know  that  the  problems  used  by  Brownell 
and  Stretch  were  too  easy  to  make  any  difference  and  that  their  conclusions 
in  the  light  of  Miss  Jhite's  study  resulted  in  zero  value. 

Another  weakness  is  the  fact  that  they  based  their  idea  of  famil- 
iarity upon  the  teachers'  opinions  rather  than  the  children's. 

Bowman,— ^1932,  carried  on  three  studies  with  564  pupils  in  grades 
seven,  eight,  and  nine.    The  pupils  chose  from  a  list  of  problems  the  ones 
they  like  best.    The  result  in  order  of  preference  was: 


1/  Bowman:  The  relation  of  Reported  Preference  to  Performance  in  Problem- 
Solving  and  Intelligence  Groups,   (24)   (25)  (26). 
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1.  Computation 

2.  Child  situations 

3.  Adult  situations 

4.  Science  situations 

5.  Puzzle  situations 

He  found  the  correlation  between  preference  arid  performance  on 
the  total  list  was  .58;  between  preference  and  the  preferred  list,  .56. 
x'hese  correlations  suggest  that  preference  had  little  influence  on  achieve- 
ment.   Both  groups  rate  the  child-type  of  problem  high.    The  pupils  of  high 
ability  show  no  distinct  preference  and  perform  equally  well  on  all  types 
of  problems;  pupils  of  low  ability  prefer  and  perform  better  on  problems 
involving  no  complex  situations. 

This  study  shows  that  there  is  no  justification  for  making  the 
child  suffer  by  solving  numerous  isolated  problems.     It  is  but  natural  that 
pupils  of  high  ability  would  be  challenged  by  the  puzzle-type  of  problem 
and  glean  satisfaction  from  its  correct  solution.    Lut  since  the  aim  of 
problem- solving  is  not  "quickening  of  wits"  there  is  no  place  in  the  curricu- 
lum for  such  types  of  problems,  and  we  must  realize  that  arithmetic  should 
be  within  the  comprehension  of  those  children  with  whom  we  come  in  daily 
contact . 

Englehardt ^  studies  the  relation  of  each  of  the  factors  of  in- 
telligence, computational  ability,  and  reading  ability  to  problem-solving 
ability  involving  568  pupils  in  grade  five.    He  concluded  that  intelligence 
and  computational  ability  are  important  factors  in  causing  individual  differ- 

1/  Englehardt :  The  Relative  Contribution  of  Certain  factors  to  Individual 
Differences  in  Arithmetical  Problem-Solving  Ability,  (107). 
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ences  in  problem- solving,  "out  the  effect  of  general  reading  ia  practically 
negligible.    This  study  used  the  path  coefficient.    The  results  are  at 
variance  with  a  number  of  existing  studies  on  the  relationship  of  achieve- 
ment in  reading  to  the  solution  of  verbal  problems. 

Pressey  and  Itoore,^  1932,  gave  a  list  of  fundamental  worcfe  to 
from  406  to  643  pupils  in  each  grade  from  three  to  twelve  and  found  an  in- 
adequate mastery  of  terminology.    They  suggested  that  lack  of  mastery  of 
vocabulary  is  one  of  the  most  important  reasons  for  the  difficulty  encoun- 
tered by  persons  of  all  ages  and  social  strata  in  dealing  with  anything  of 
a  mathematical  nature. 

If  problems  were  based  on  meaningful  experiences  within  the  realm 
of  the  child  there  would  be  no  reason  for  lack  of  meaningful  vocabulary  be- 
cause the  child  learns  terms  as  he  feels  the  need  for  the  use  of  them. 
Vocabulary  drill  as  such  is  aimless  and  meaningless. 

In  1932,  Pressey  and  Slamr^  undertook  a  study  to  determine  the 
words  which  should  be  included  in  a  list  of  essentials  for  arithmetic.  They 
analyzed  four  vocabulary  studies  which  had  previously  been  made  by  Haley, 
Pressey,  Brooks  and  I*  S«  ./ilson,  respectively.    These  former  studies  had 
listed  practically  all  of  the  technical  words  found  in  arithmetic  texts  so 
that  the  total  number  was  over  1,000.    In  order  to  determine  those  which  are 
fundamental  to  a  study  of  arithmetic,  Pressey  and  21am  used  three  criteria: 

1.  The  frequency  of  each  word  in  each  study 
274  words  were  selected  on  this  basis. 

2.  The  importance  of  all  words,  whether  fre- 

1/Pressey  &  Iloore:  Growth  of  IJathematicl  Vocabulary  from  the  Third  Grade 

through  High  School,  (268). 
2/Pressey  &  Slam:  The  Fundamental  'Vocabulary  or  Arithmetic,  (267). 

quent  or  not.    For  this  work,  the  co-opera- 
tion of  over  100  elementary  school  teachers 
was  enlisted.    226  words  were  thus  selected. 
3.  The  "social  usefulness"  of  each  wora,  i.e., 
usefulness  in  everyday  life.    Only  103  words 
were  selected. 

The  next  step  was  to  select  those  words  which  seemed  to  fulfill 
all  requirements,  that  of  frequency,  of  importance,  and  of  social  usage. 
Only  117  words  met  all  of  these  three  criteria  and  sixteen  of  those  were 
questioned  as  to  social  usefulness. 

The  authors  then  concluded  that  "These  117  technical  terms  may 
then  be  regarded  as  the  essential  'core'  of  arithmetic  words  without  which 
no  child  can  progress  in  the  subject."  The  authors  believe  that  "one  out- 
standing source  of  error  in  arithmetic  and  of  antagonism  toward  arithmetic 
lies  in  the  fact  that  the  children  do  not  know  what  the  words  mean.  I'ost 
investigations  of  the  natter  seem  to  show  that  knowledge  of  subject  matter 
and  mastery  of  technical  vocabulary  go  hand  in  hand". 

If  arithmetic  problems  are  based  on  meaningful  experience  there 

will  be  not  need  for  specific  vocabulary  drill.    The  child  will  learn  new 

terms  as  he  feels  the  need  for  them  in  a  new  situation.    Evidence  in  support 

1/ 

of  this  statement  is  found  in  the  experiment  worked  out  in  Miss  Hennigar's 

2/ 

thesis  and  the  work  of  Harap. ~~ 

3/ 

In  1933,  Miss  Kramer  ~~  conducted  an  experiment  in  an  effort  to 
determine  the  effect  on  children's  success  in  problem- solving  of  the  four 

1/  Hennigar:  Arithmetic:  Informational  Problem  Units  for  a  Sixth  Grade,  The 

Family  Eudget ,  (145). 
2/  Harap:  Experimenting  if  its  Real  Situations  in  Third  Grade  Arithmeti  c ,  (140) . 
3/  Kramer:The  Effect  of  Certain  factors  in  the  Verbal  Arithmetic  Problem 
l~    Upon  Children's  Success  m  Its  Solution.  XjJR5J 
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factors  of  interest,  sentence  form,  details  and  vocabulary.    She  attempted 
to  control  and  vary  the  four  factors  which  she  considered  inherently  demand- 
ed in  all  written  problems,    These  factors  were  as  follows: 

1.  Sentence  form  of  the  problem. 

2.  Vocabulary  of  the  problem. 

3.  Style  of  the  problem. 

4.  Problem  situation. 

A  study  of  children's  interests  was  made  in  order  to  determine 
the  type  of  problem  which  is  most  appealing  to  children.    The  problems  used 
in  testing,  however,  were  of  the  traditional  textbook  type.    She  concluded 
that: 

1.  Interesting  vs.  uninteresting  material  in 
problems  made  no  appreciable  difference  in 
solving  the  problems. 

2.  Sentence  form  favors  the  interrogative  - 
complex  sentence  slightly,  -  no  very  great 
differ  ence. 

3.  As  to  details,  brief  problem  stated  pro- 
duces slightly  better  results. 

4.  Familiar  vocabulary  produces  better  results. 

This  is  an  outstanding  study  from  the  standpoint  of  extensiveness 
and  thoroughness.    ::iss  Xra.Ter  uses  the  traditional  problem  to  reach  her 
final  conclusions  namely  that  there  is  no  factor  which  appreciably  has  any 
great  effect  on  the  solution  of  the  traditional  type  of  written  problem  ex- 
cept vocabulary.    She  leaves  us  with  apparently  an  unconquerable  load  to 


carry  without  arriving  at  the  conclusion  that  there  is  no  real  necessity  for 
us  to  carry  such  a  load.    Miss  Kramer  gives  us  the  same  story  which  Rice 
gave  us  in  spelling  in  1902.    -4.yers,  Thorndike,  Horn  and  otheis  showed  us 
that  the  way  out  in  spelling  is  to  omit  the  great  burden  of  meaningless 
words,     ./hen  the  spelling  load  is  reduced  from  12,000  to  2,000  words,  (or 
even  3,000  words) ,  we  begin  to  get  results.    The  same  is  happening  in  written 
problem  work  where  ten  problem  units  a  year  (more  or  less)  are  substituted 
for  ten  isolated  problems  a  day. 

D.  The  need  of  functional  values  is  seen  but  they  are  sought 
under  the  heading  of  informational  or  sociological  values.     In  a  study  by 
V/ashburne  and  lorphett //1928,  the  attempt  is  made  to  find  an  answer  to  the 
question,  can  children  solve  arithmetic  problems  presenting  situations  with- 
in their  own  experience  more  readily  than  they  can  solve    problems  involving 
unfamiliar  situations?     A  test  was  given  made  up  of  eight  pairs  of  problems 
at  the  fifth  grade  level,    xhe  pairs  of  problems  were  alike  in  all  respects 
save  that  of  the  situation  involved.    They  find  that: 

1.  Mo  significant  difference  between  those  which 
the  situation  was  familiar  and  those  where 
the  situation  was  unfamiliar  to  the  children. 

2.  ".Thenever  a  significant  difference  occurred  in 
the  percentage  of  children  solving  correctly 
two  sets  of  problems,  it  is  always  the  prob- 
lem involving  the  more  familiar  childlike 
situation  vfhieh  gets  the  higher  score. 

1/  .Yashburne  &  Morphett:  Unfamiliar  Situations  as  a  Difficulty  in  Solving 
Arithmetic  Problems,  (341). 


3.  1'he  authors  acknowledge  that  this  lack 
of  difference  (in  conclusion  -1)  in  the 
results  may  have  teen  due  to  the  nature 
of  the  test  in  that  some  of  the  pairs  of 
pro'clems,  one  situation  may  have  been  as 
familiar  as  the  other, 
ihe  authors  at  the  conclusion  of  their  study  have  given  us  three 
criteria  for  problem-making,  which  are  as  follows: 

1.  xhe  situation  should  be  familiar  and  child- 
like, i.e,  one  in  which  the  child  can  easily 
imagine  himself  as  being. 

2.  xhe  principal  character  in  each  problem  should 
have  a  reason  for  solving  it,  i.e.,  if  the 
child  were  in  a  situation  described  in  the 
problem,  he  to uld  find  a  real  need  for  finding 
the  solution  for  which  the  problem  calls. 

3.  The  vocabulary  and  sentence  structure  of  the 
problem  should,  of  course,  be  within  the  read- 
ing ability  of  the  child  who  is  expected  to 
solve  it. 

Their  study  was  weak  in  that  they  relied  on  the  judgment  of  adult; 
as  to  the  familiarity  or  unf amiliarity  of  a  situation. 

irom  the  criteria  which  they  offer  we  are  justified  in  concluding 
(that  they  see  the  futility  of  the  textbook  problem  and  possibly  the  need  of 
Functional  values. 


96 

E.'i'he  true  purpose  of  the  written  problem  is  seen  and  the  possi- 

1/ 

bilities  are  demonstrated.    Ruth  Cameron,""  1923,  made  an  analysis  of  the 

Buckingham-Osburn  Arithmetic  Books,  One,  rwo,  rhree  and  I'bur.    She  separates 
the  problems  into  (a)  Real  situations,  those  which  arise  from  a  felt  need 
in  the  schoolroom  or  warkship;  (b)  Life  Situations ,  those  which  are  play- 
like situations  closely  allied  to  a  real  situation;   (c)  Unified  Situations, 
those  made  from  isolated  problems  brought  unaer  one  head;  and  (d)  Isolated 
Situations,  t-^ose  composed  of  unrelated  experiences,  with  no  attempt  to 
build  up  the  child's  understanding  or  relate  the  work  to  the  community's 
needs.    She  found  no  real  situations  given  in  these  texts,  no  life  situa- 
tions, only  twenty-five  unified  situations  in  which  there  were  350  problems 
and  293  situations  and  over  6,000  isolated  problems  which  involved  2,339 
situations.    She  raises  the  question,  "Are  we  sensible  when  we  expect 
children  of  elementary  grade  age  to  grasp  so  enormous  a  range  of  situations?'1 

Miss  Cameron  sees  the  true  purpose  of  the  written  problem.  She 
leads  us  to  an  understanding  of  the  enormous  task  which  we  so  blindly  have 
been  expecting  children  to  accomplish,    ,/ith  such  studies  as  a  basis  we 
need  courage  to  eliminate  the  type  of  proclem  which  has  dominated  the  text- 
book. 

.2/ 

Miss  i/hite,      1932,  carried  on  an  experiment  in  an  attempt  to 
find  the  effect  which  an  understanding  of  the  situation  has  upon  the  solu- 
tion of  an  arithmetic  problem,    i'he  study  was  concerned  with  the  failure  of 
children  in  problem- solving.    The  experiment  was  based  on  the  theory  that 
some  relationship  may  exist  between  the  understanding  of  the  situation  in- 

1/  Cameron:  A  Study  of  the  Problem  Material  in  the  Searchlight  arithmetics (69 
Zj  Tnite:  Relation  of  Understanding  of  the  Situation  Involved  in  a  Problem 
and  Success  in  Its  Solution,  (350). 

volved  in  the  problem  and  success  in  its  solution.    This  study  aimed  to 
throw  light  upon  the  question  as  to  whether  in  problem-solving  there  is 
lsss  confusion  on  the  part  of  the  child  when  the  situation  involved  in  the 
problem  is  within  his  experience.    The  experiment  involved  1,000  children 
in  grade  six  B  in  Providence,  Rhode  Island.    Twelve  pairs  of  problems  were 
given.    Twelve  problems  were  based  on  situations  familiar  to  the  majority 
of  the  children,  and  twelve  on  situations  unfamiliar  to  the  majority.  The 
problems  were  of  equal  difficulty,  the  processes  those  which  the  children 
of  six  B  were  familiar  with.    The  numbers,  fractions  or  decimals  used  in 
the  problems  were  to  be  equal  from  the  standpoint  of  common  use  for  both 
sets  of  problems.    This  narrowed  the  experiment  down  in  so  far  as  possible 
to  the  experimental  factor,  viz.,  the  effect  of  the  familiarity  of  the 
situation  in  problems  upon  ability  to  solve  the  problems.    Familiarity  of 
situation  was  determined  in  this  study,  not  by  teacher's  opinion,  but  by 
actually  checking  on  pupil  experience. 

Miss  White  concluded  that: 

1.  v/here  the  problem  was  a  very  easy  one 
for  the  child,  the  amount  of  experience 
which  he  may  have  had  in  the  situation 
involved  in  the  problem  did  not  appear 
to  be  a  large  factor  in  the  selection 
of  the  right  process  or  in  the  achieve- 
ment of  the  right  answer. 

2.  3ven  in  the  easy  problems  a  lack  of  ex- 
perience in  the  situation  involved  in 


the  problem  appeared  to  be  a  factor  in 
the  selection  of  the  wrong  process. 

3.  In  problems  other  than  the  very  easy  ones 
the  Batter  of  experience  in  the  situation 
involved  in  the  problem  was  a  highly  signif- 
icant factor  in  the  selection  of  the  ri:^ht 
process  and  in  the  achievement  of  the  right 
answer. 

4.  The  objective  evidence  tended  to  emphasize 
the  importance  of  basing  our  problems,  with 
the  exception  of  the  easy  ones  at  least,  on 
situations  which  children  have  experienced. 
This  is  of  greatest  significance  for  our  v?ork 
with  children. 

5.  If  we  first  define  our  objectives  and  outcomes 
in  problem- solving,  and  then  present  problems 
which  are  consistent  with  a  successful  and 
efficient  progress  toward  these  outcomes,  we 
can  then  afford  to  turn  to  the  minor  confusions 
and  poor  mental  processes  of  the  individual 
child.    It  is  wasteful.    To  do  this  breeds  the 
very  confusions  that  we  are  striving  to  eliminate. 

This  is  a  real  contribution  in  the  field  of  the  written  problem 
This  study  is  most  constructive  and  involves  a  conclusive  analysis  of  the 
elements  involved  in  the  written  problem  situation  up  to  the  present  time. 


Miss  White  has  left  us  with  the  outstanding  conclusion  that  objective  evid- 
ence tends  to  emphasize  the  importance  of  basing  our  problems,  with  the 
exception  of  the  easy  ones  at  least,  on  situations  which  children  have 
experienced. 

More  of  this  type  of  experimentation  carried  on  by  Miss  White  is 

needed  to  remedy  the  arithmetic  situation. 

1/ 

Miss  McMahon,-"  1934,  in  studying  problem- solving  attempted  to 
find  the  answers  to: 

1.  How  the  ability  to  solve  written  problems 
in  arithmetic  is  affected  by  practice  in 
the  use  of  judgment  in  business  situations? 
£.  Whether  the  ability  to  solve  written  prob- 
lems is  improved  by  using  large  units  of 
work  involving  judgment  in  real  life  situa- 
tions. 

The  study  was  conducted  on  a  very  small  scale  involving  thirty- 
two  eighth  grade  pupils  and  twenty-seven  seventh  grade  pupils.    'Jhe  experi- 
ment covered  about  six  months,     ihe  school  where  the  experiment  was  carried 
on  was  a  grammar  school  including  grades  one  through  eight,    i'he  seventh 
and  eighth  grades  were  organized  on  the  departmental  plan  and  the  same 
teacher  taught  the  arithmetic  in  both  seventh  and  eighth  grades,  therefore, 
the  eighth  grade  pupils  in  this  experiment  were  under  the  instruction  of  the 
teacher  conducting  it  for  their  seventh  grade  arithmetic  as  well  as  their 
eighth  grade  work.  The  plan  of  experiment  which  she  used  was  as  follows: 
1/  Mcl.'ahon:  An  Experiment  with  A  Unit  in  Arithmetic,  (239). 
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Grade  Seven                                        Grade  Eigbt 

1.  November  -  Broblem  tests  form  1              1.  November  -  Problem  tests 

given.                                                            form  1  given. 

2.  December  through  April                            2.  December  through  April 

Continued  the  use  of  the  text-                    Used  a  large  unit  of  work 
book  exclusively,  using  good                       as  center  of  the  activity 
teaching  methods  and  principles                  of  the  class.    Used  the 
but  confining  the  activity  to                      textbook  for  reference, 
work  given  in  the  text,  which                      for  needed  drill,  and  for 
was,  IJodem  School  Arithmetic,                     information,    i'he  unit 
by  Clark,  Otis  and  Hatton.                           used  was  banking. 

3.  May  -  Problem  tests  form  2.                  3. May  -  Problem  tests  form  2. 

4.  Analysis  of  progress  made.                   4. Analysis  of  Progress  made. 

5.  Comparison  of  Progress  with                 5. Comparison  of  progress  with 
progress  in  grade  eight  over                  progress  in  grede  seven  over 
same  period.                                             same  period. 

Jhe  following  tests  were  used  in  the  study: 

1.  ilnowledge  of  Eusiness  Situations  -  '.7ilson 

2.  Problem  Reading  'Jest  -  Stevenson 

3.  Arithmetic  Reasoning  Test  -  Buckingham 

4.  Problem  Test  -  Monroe 

The  chronological  age  and  the  I.        were  listed  for  each  child. 
On  each  test  the  median  and  the  standard  deviation  were  determined  and  used 
as  the  standard  of  comparison  in  analyzing  progress. 

No  attampt  was  made  to  make  the  two  groups  equivalent.  Their 
social  and  economic  environment  were  about  on  a  level.    There  was  no  great 
difference  in  arithmetic  ability  or  in  general  intelligence  as  indicated 
by  the  I.  Q,.      There  was,  of  course,  a  difference  of  approximately  one  year 
in  age.    Another  difference  lay  in  the  fact  that  for  the  eighth  grade  this 
was  their  second  year  with  the  same  teacher,  while  grade    seven  was  under 

this  teacher's  control  for  the  first  time. 

The  results  of  the  experiment  were: 

1.  Although  the  median  I.  Q.  of  the  control 
class  (grade  seven)  was  slightly  higher 
than  the  median  I.  Q.  of  the  experimental 
class  (grade  eight),   (97  vs.  94.5)  the 
test  results  showed  that  on  the  whole  the 
experimental  class  improved  to  a  slightly 
greater  degree  than  the  control  class. 

2.  i'he  use  of  conventional  problem  tests  was 
not  a  fair  way  in  which  to  test  pupils 
working  along  the  lines  of  the  experimental 
class;  the  solution  of  the  problems  in  these 
tests  required  the  exact  type  of  work  which 
she  tried  to  avoid  in  working  out  the  unit. 

3.  The  experiment  was  on  too  small  a  scale  to 
claim  a  conclusive  answer.  However,  these 
things    are  to  be  considered: 

(a)  The  use  of  the  unit, if  it  did  not 
help  the  class,  did  not  retard  its 
progress;  if  the  negative  point  of 
view  were  taken,  we  could  say  that 
the  class  improved  in  spite  of  the 
lack  of  conventional  work.  '2he 
tests  prove  this  fact. 


(b)  The  high  school  records  showed 
that  this  class  was  as  well  if 
not  better  prepared  for  mathe- 
matics as  any  preceding  class. 

(c)  In  the  judgment  of  the  teacher, 
this  class  snowed  a  decidedly 
favorable  reaction  in  attitudes 
as  a  result  of  the  use  of  the 
unit.     It  was  a  pleasure  to  meet 
a  co-operative  group;  there  were 
few  if  any  disciplinary  problems; 
interest  was  extremely  high. 

Even  a  year  later  (May,  1935)  when  former  pupils  were  met  on  the 
street,  there^re  eager  inquiries  as  to  "the  progress  of  the  bank  this  year". 

Therefore,  in  the  teacher's  judgment  "the  ability  to  solve  written 
problems  in  arithmetic  is  affected  by  practice  in  the  use  of  judgment  in 
business  situations.    By  using  large  units  of  work,  involving  judgment  in 
'life  situations*,  the  ability  to  solve  written  problems  is  improved". 

This  unit  was  presented  in  a  manner  to  be  real  to  the  child  and 
gave  the  child  real  life  experiences  in  attempting  to  solve  them. 

Miss  I.Jc-.Jahon  has  the  correct  viewpoint  of  the  purpose  of  the 
written  pro LI en.    She  attempted  to  evaluate  the  informational  unit  by  ex- 
perimenting and  comparing  with  a  control  group. 

1/ 

Connors  and  Hawkins,— 1936,  carried  on  a  study  to  find  those 
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1/  Connors  <x  Hawkins:  ./hat  Materials  Are  Lost  Useful  to  Children  Learning 
to  Solve  Problems?  (88). 


i 
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materials  which  are  most  useful  to  children  when  learning  to  solve  problems. 


They  used  the  Stone  1-easoning  'Jest, 


Grades  two  to  six  and  seven  to  eight. 


The  experiment  covered  the  period  from  the  fall  of  1925  to  1932.    Their  con- 


clusions are  significant,  viz 


1. 


vhe  best  naterial  for  use  in  teaching 


problem-solving  in  arithmetic  seems  to 
be  problems  selected  by  pupils  themselves 
from  their  environment  to  illustrate  the 
process  which  they  are  expected  to  use 
in  problem- solving. 
2.  The  use  of  dynamic  problem  naterial 
created  by  teachers  to  help  pupils  over 
difficulties  with  the  more  inert  prob- 
lems, adds  considerably  to  the  problem- 
solving  ability  of  pupils  using  primarily 
materials  collected  from  their  own  experi 
ence  to  illustrate  the  processes  they  are 
supposed  to  learn. 


This  is  one  of  the  best  references. 


The  findings  seem  to  agree 


more  closely  with  what  Thorndike  has  called  the  significance  of  "belonging 


n 


and  of  "impressiveness"  in  learning  than  they  do  with  his  older  theories 


of  learning. 


i 


F.  Summary.    The  preceding  summaries  of  discussions  cover  a 
period  of  thirty-five  years.      xhey  reveal  that  various  factors  have  been 
treated,  ^hese  factors  were  thought  to  have  an  effect  on  the  isolated  tradi- 
tional textbook  problem.      xhe  results,  from  these,  leaves  one  in  douct  as 
to  the  conclusions.       The  general  harvest  of  all  these  studies  has  been 
that  no  factor  makes  any  difference  except  vocabulary.    This  factor,  if 
above  the  child's  comprehension,  leaves  him  in  confusion;  if  too  easy,  it 
doesn't  make  any  difference.      There  is  a  positive  correlation  between  the 
fundamentals  and  reading.      The  work  of  Morton  —  ^  and  others  show  that  there 
is  so  much  left  over  that  even  these  two  factors  do  not  make  much  difference. 
Researchers,  spending  time  on  these  factors,  have  been  working  with  the 
wrong  kind  of  conclusions.      They  accepted  the  traditional  isolated  textbook 
problem  as  the  load  instead  of  examining  the  criteria  of  the  written  problem. 
These  factors: 

1.  iamiliar  vs.  unfamiliar  situations 

2.  Vocabulary 

3.  Style  of  problem  (form  of  statement) 

4.  Interesting  statement 

5.  Reading  ability 

6.  Computational  ability  in  the  fundamentals 

7.  Reasoning 

8.  Analysis  vs.  usual  form  of  solution. 

1/  Horton:    An  Analysis  of  Srrors  in  the  Solution  of  Arithmetic  Problems, (227 
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as  applied  to  the  old  type  of  written  problem  apparently  do  not  make  enough 
difference  to  count. 

There  are  minor  variations  even  in  these  results  based  on  the 
above  factors. 

Brownell  and  Stretch's  study  was  decidedly  weak  cecause  they 
based  the  familiarity  of  the  situation  involved  upon  adult  opinions,    a  later 
study  by  L.iss  IThite  reveals  that  when  adults  decide  in  their  own  minds  what 
are  and  what  are  not  familiar  situations  to  children  they  often  miss  the 
point  in  their  own  minds,     Too,  Miss  White  showed  that  Brownell  and  Stretch 
missed  the  point  because  "in  easy  problems  the  amount  of  experience  in  the 
situation  involved  in  a  problem  does  not  appear  to  be  a  large  factor". 
Brownell  and  Stretch's  problems  were  very  simple. 

Vocabulary  of  the  textbook  has  been  pointed  out  by  Andrews, 
Buswell  and  John,  Gray,  Pressey  and  Slam,  Pressey  and  Loore,  Kramer,  and 
others,  as  a  factor  in  the  solution  of  verbal  problems.      Familiar  vocabu- 
lary in  any  situation  mkes  the  task  lighter;  vocabulary  above  the  child 
throws  him  into  depths  of  confusion.     This  one  factor  does  not  contribute 
greatly. 

Style  of  the  problem  has  been  studied  by  Myers  when  he  found  that 
there  was  no  perceptible  difference  as  far  as  pupils'  ability  is  concerned 
between  imaginative  and  conventional  type  problems.    Bowman  proved  that 
pupils  of  high  ability  accept  the  traditional  isolated  textbook  problem  and 
perform  equally  well  on  all  types,     ,/heat  concluded  that  pupils  are  neither 
hindered  nor  helpec.  in  the  solution  of  the  isolated  written  problem  through 
the  replacement  of  the  conventional  problem  with  the  imaginative  problem 


when  no  time  limits  are  imposed. 

Pupils  of  high  ability  are  challenged  by  these  puzzle-type  of 
problem.    They  accept  their  solution  as  a  challenge  and  undoubtedly  gain 
satisfaction  for  themselves  when  the  answer  is  arrived  at.    This  is  all  very 
well  from  a  recreational  standpoint  but  it  is  beside  the  purpose  of  the 
written  problem. 

On  and  on  we  could  go  taking  each  factor,  reviewing  what  has  been 
done  with  regard  to  the  isolated  traditional  written  problem.     ,ve  could  arriv^ 
at  but  conclusion.    The  true  purpose  of  the  written  problem  has  not  been 
evident  to  these  men  who  have  spent  time  on  the  factors  which  might  pertain 
to  the  solution  of  the  isolated  written  problem.    Over  this  long  period  of 
time,  based  upon  the  results  of  these  men,  who  failed  to  examine  the  criteria 
of  the  textbook  problem,  we  are  left  in  a  feud.    Summarized  from  the  stand- 
point of  the  isolated  traditional  textbook  problem,  "a  tempest  in  a  teapot". 

Fortunately  we  are  not  left  to  brave  this  storm  without  a  solu- 
tion.   Individuals  who  have  been  real  researchers  have  examined  the  true 
purposes  of  the  written  problem. 

From  t  he  works  of  Cameron,  //hite,  UcITahon,  Connor  and  Hawkins, 
we  find  the  general  result  of  all  of  these  studies , which  are  based  upon  the 
isolated  problem  and  the  factors  pertaining  to  its  solution, of  zero  value. 
The  researchers  who  have  carried  on  their  search  for  truth  by  experimenting  | 
with  various  factors  w'nich  might  have  an  effect  on  pupils'  ability  to  solve 
the  traditional  written  problem  were  missing  the  purpose  of  the  written 
problem.    They  failed  to  examine  the  true  criteria  of  the  written  problem. 
Not  until  we  find  those  individuals  who  examine  the  criteria  of  the  written 
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problem  do  we  get  experimental  results  which  are  of  value.    These  are  dis- 
cussed in  Chapter  Four  under  (2)  and  in  Chapter  Five  under  (B) ,  motivated 
written  problem  units.    These  demonstrate  the  possibility  of  the  objective 
viewpoint  and  base  the  units  upon  the  actual  needs  of  the  child. 


1 

!i 

i 

i 
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CHAPTER  V 

SCIENTIFIC  RESEARCH  ON  sVRITTEN  PROBLEMS 
Functional  'Yritten  Problem  Units 

A.  Introduction.     "The  main  purpose  of  life  situation  work  is 
the  building  up  of  clear  concepts  through  first-hand  contacts  and  guided 
experience."  — '     The  studies  in  this  section  are  those  which  are  based  upon 
the  actual  needs  of  the  pupils.    The  authors  from  their  work  prove  that 
they  have  the  objective  viewpoint.    The  possibility  of  the  motivated  prob- 
lem unit  is  demonstrated  as  a  means  of  eliminating  the  large  percentage  of 
failures  due  to  the  traditional  written  problem.    Practical  motivated 
problem  units  from  a  second  grade  level  through  the  junior  high  school 
level  are  outlined  and  discussed  in  the  original  studies.    Those  seeking 
information,  namely  how  to  approach  the  functional  problem,  will  find 
specific  and  superior  help  in  the  vrork  of  Quattlander ,  Hennigar,  Russell, 
Gallagher,  UcMahon  and  Gumming s.    The  work  of  these  authors  is  discussed 

in  the  following  section. 

B.  Infornational  units  which  demonstrate  the  objective  viewpoint 
2/ 

Quattlander  —  carried  on  a  unit  for  the  purpose  of  developing  the  thesis 
that  informational  units  in  arithmetic  may  well  replace  systematic  drill 
in  second  grade  and  to  report  in  detail  an  informational  unit  worked  out 
with  a  group  of  second  grade  children. 

1/  Wilson:  What  arithmetic  Shall  Je  Teach?  p.  133  (365). 
Zf  Quattlander:  Replacing  Systematic  Drill  .Vith  Informational  Units  in 
Second  Grade  Arithmetic,  (271). 
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From  this  unit  she  concluded  that  the  children  had  opportunity 
to  meet  in  real  life  the  numbers  they  had  to  learn  through  drill  procedure. 
In  most  cases  the  latter  was  shorter  and  less  difficult  because  of  the  real 
experience.      It  was  worthwhile  from  the  character  education  viewpoint  be- 
cause it  taught  the  children  the  value  of  money  and  the  responsibility  of 
handling  their  own  transactions.    It  provided  contact  with  parents  and  homes 
because  of  the  keen  interest  of  the  child  which  was  carried  over  from  the 
school  to  the  home. 

This  is  an  informational  unit  well  worth  the  attention  of  primary 
teachers.    It  illustrates  the  objective  viewpoint  as  worked  out  by  a  pro- 
gressive teacher  in  service  who  saw  the  real  aim  of  the  written  problem  in 
arithmetic . 

Hennigar  — ^  to  help  in  answering  the  question,  "Can  meaningful 
business  experience  units,  containing  situations  familiar  to  children,  be 
substituted  for  the  relatively  meaningless  isolated  textbook  problem  and  to 
what  advantage?"  carried  on  an  experiment  in  laboratory  form  with  a  sixth 
grade  class  on  certain  phases  of  the  family  budget,    "he  time  given  was 
from  October  1st  to  the  middle  of  January  and  the  three  main  divisions  of 
the  budget  which  were  developed  were  food,  clothing  and  operating  expenses. 
Those  of  the  sixth  grade  who  were  considered  the  best  of  three  groups  of 
that  grade  were  used  as  the  control  group.    ITo  scientific  classification 
was  made  and  the  pupils  were  segregated  according  to  previous  progress  and 
teacher's  judgment.    The  children  were  largely  of  a  foreign  background,  the 
greater  percentage  being  Italian  or  Finnish. 

The  conclusions  v/ere: 

1/  Hennigar:  Arithmetic:  Informational  Problem  Units  for  a  Sixth  Grade,  the 
—   Family  Budget ,  Tl45) . 
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1.  Fairly  good  evidence  that  improvement  in 
fundamental  operations  in  arithmetic  does 
not  carry  over  into  skill  in  problem-solving 
may  be  culled  from  the  work  of  children  with 
low  I.  Q,'s. 

2.  Children  of  the  dull  normal  type  may  become 
quite  proficient  in  the  mechanics  of  arith- 
metic, but  are  able  to  do  a  ver}  limited 
amount  of  real  reasoning  in  problem  work. 

3.  Those  who  make  claims  for  a  large  amount  of 
transfer  are  doubtless  thinking  of  the  iso- 
lated problem  in  which  the  teacher's  aim 

is  to  provide  additional  drill  in  the  funda- 
mentals. 

::iss  Hennigar  sees  the  futility  of  the  textbook  problem.  3he 
understands  the  need  of  functional  values  as  an  improvement  of  the  written 
problem  and  presents  us  with  the  objective  viewpoint  as  the  true  purpose  of 
the  written  problem. 

Russell  — /  in  an  attempt  to  develop  and  adopt  a  motivated  written 
problem  unit  on  banking  carried  on  an  experiment.     The  plan  was  completed 
during  a  summer  vacation  and  the  following  fall  the  unit  was  carried  out 
with  two  sections  of  junior  high  school  pupils  (eighth  grade).    The  thesis 
is  in  a  large  measure  the  story  of  the  development  and  adaptation  of  a 
written  problem  unit  meeting  modern  standards  together  with  the  accompanying 
human  interest  factor. 

1/  Russell:  Banking  as  the  Junior  High  School  Child  Should  Know  It,  (288). 


The  first  time  the  theoretical  plan  of  the  unit  was  presented  as 
it  was  worked  out  in  the  summer.    The  second  time  the  unit  was  presented  as 
it  was  adapted  for  classroom  use.     In  the  second  presentation  an  attempt 
has  been  made  to  show  along  with  the  adaptations  of  this  unit  the  tangible 
results  as  found  by  checking  the  classroom  work. 

The  unit  is  written  in  textbook  style  for  the  use  of  the  child 
and  the  conclusions  are: 

1.  i'he  unit  seems  to  be  usable. 

2.  i'he  excellent  results  in  the  information- 
al type  of  problem  gives  proof  of  a  con- 
siderable degree  of  interest  on  the  part 
of  the  children  in  that  type  of  problem. 

The  objective  viewpoint  is  demonstrated  in  this  unit. 

Gallagher       in  her  thesis  aims  to  give  to  both  the  teacher  and 
the  pupil  in  junior  high  school  a  background  of  appreciation  of  insurance 
in  its  many  forms  so  that  the  pupil  will  realize,  first,  his  own  responsi- 
bility towards  the  various  kinds  of  insurance,  ana  second,  to  know  the  kinds 
of  insurance  that  will  be  best  suited  to  meet  his  future  needs.  Finally 
to  give  the  pupil  sufficient  mathematical  ability  to  understand  and  compute 
the  finances  of  insurance  as  they  directly  concern  him. 

The  study  was  divided  into  three  parts.    The  first  part,  informa- 
tion for  teachers,  aimed  to  give  a  needed  background  in  the  subject.  Then 
following  was  a  history  of  the  different  types  of  insurance.    Part  two  des- 
cribed the  method  of  teaching  this  unit.    A  short  explanation  on  how  to  use 

1/  Gallagher:  Insurance,  an  Informational  Unit  for  Junior  High  School 
3-Jat  hamat  ic s ,  ( 115 ) . 
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the  appreciation  technique  in  this  particular  unit  with  the  problem  techni- 
que assuming  a  secondary  role  followed.    Part  three,  judgment  and  computa- 
tion in  insurance  was  so  planned,  that  the  pupils  had  ample  opportunity  to 
use  judgment  in  the  selection  of  insurance  and  were  able  to  find  out  what 
such  insurances  would  cost. 

The  above  procedure  aimed  at  pointing  the  way  toward  giving  the 
pupil  an  interesting  fund  of  knowledge  concerning  insurance,  an  idea  of  how 
much  of  the  family  budget  should  be  devoted  to  insurance,  skill  in  reading 
insurance  charts,  an  idea  of  insurance  costs,  and  some  judgment  in  deciding 
what  kind  and  how  much  insurance  families  should  carry. 

She  concludes: 

"If,  at  the  completion  of  this  unit,  through 
the  teacher's  own  insight  and  understanding  of  the 
study,  the  pupils  have  developed  an  understanding 
of  the  needs  for  insurance  and  of  the  benefits  de- 
rived therefrom;  if  they  have  a  knowledge  of  the 
types  of  insurance  with  their  advantages  and  dis- 
advantages for  certain  incomes;  if  they  are  famil- 
iar with  the  insurance  rate  charts  and  know  how  to 
use  them;  and  if  they  have  developed  some  judgment 
in  the  selection  of  types  to  meet  various  incomes, 
the  unit  should  have  proven  itself  of  immeasurable 
value. " 

Miss  Gallagher  in  her  thesis  has  worked  out  an  informational 
unit  based  on  the  objective  viewpoint .    It  is  in  such  detail  that  those 
looking  for  assistance  as  to  the  method  of  carrying  on  such  a  problem,  in- 
stead of  adhering  to  the  traditional  written  problem,  would  do  well  to  study 
this  unit  and  follow  the  suggestions. 

Miss  IfeMahQB  ~^  carried  on  an  experiment  in  an  attempt  to  answer 
the  questions,  "How  is  the  ability  to  solve  written  problems  in  arithmetic 
affected  by  practice  in  the  use  of  judgment  in  business  situations?"  and 


1/  .  c  ahon:  .-.n  .experiment  frith  *  Unit  in  Arithmetic,  (239). 
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"By  using  large  units  of  work  involving  judgirient  in  real  life  situations  is 
the  ability  to  solve  written  problems  improved?" 

The  study  was  conducted  on  a  very  small  scale  involving  thirty- 
two  eighth  grade  pupils  and  twenty-seven  seventh  grade  pupils.    The  experi- 
ment covered  about  six  months .     It  was  carried  on  in  an  ordinary  grammar 
school  including  grades  one  through  eight.    The  seventh  and  eighth  grades 
were  organized  on  the  departmental  plan  and  the  same  teacher  taught  arith- 
metic in  both  seventh  and  eighth  grades.    The  eighth  grade  pupils,  because 
of  the  departmental  plan, were  under  the  instruction  of  the  teacher  conduct- 
ing it  for  their  seventh  grade  arithmetic  as  well  as  their  eighth  grade  work. 

In  grade  seven  problems  were  taught  through  the  use  of  the  text- 
book exclusively,  with  care  taken  to  use  good  teaching  methods  and  princi- 
ples.   Grade  eight  used  a  large  unit  of  work  as  the  center  of  the  activity 
of  the  class  with  the  textbook  for  reference , for  needed  drill,  and  for  in- 
formation.   Problem  tests  were  given  before  and  after  the  experimental 
period  and  an  analysis  of  the  progress  was  made. 

The  following  are  the  results  obtained: 

1.  Although  the  median  I.Q.  of  the  control 
class  (grade  seven)  was  slightly  higher 
than  the  median  I.Q,.of  the  experimental 
class  (grade  eight)   (97  vs. 94. 5)  the 
test  results  showed  that  on  the  whole 
the  experimental  class  improved  to  a 
greater  degree  than  the  control  class. 

2.  The  use  of  conventional  problem  tests 

was  not  a  fair  way  in  which  to  test  pupils 

working  along  the  lines  of  the  experi- 
mental class.    The  solution  of  the 
problems  in  these  tests  required  the 
exact  type  of  work  which    iss  IJcI.'ahon 
tried  to  avoid  in  v/orking  out  the  unit. 
The  experiment  was  on  too  small  a  scale 
to  claim  a  conclusive  answer.    Some  of 
things  to  be  considered  as  a  result  of 
the  experiment  are: 

(a)  The  use  of  the  unit,  if  it 
did  not  help  the  class  did 
not  retard  its  progress;  if 
the  negative  point  of  view 
were  taken  we  could  say  that 
the  class  improved  in  spite 
of  the  lack  of  conventional 
work,    'x'he  tests  prove  this 
fact. 

(b)  A  year  later  the  high  school 
records  showed  that  this  class 
was  as  well  if  not  better  pre- 
pared for  mathematics  as  any 
preceding  class. 

(c)  In  the  judgment  of  the  teacher, 
this  class  showed  a  decidedly 
favorable  reaction  in  attitudes 
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as  a  result  of  the  use  of  the 
unit.    She  found  that  there 
were  few  if  any  disciplinary 
problems  in  this  type  of  work 
and  that  interest  ran  extremely 
high. 

iss  :'c::ahon  states,  "The  ability  to  solve  written  problems  in 
arithmetic  is  affected  by  practice  in  the  use  of  judgment  in  business  situa- 
tions, and  by  using  large  units  of  work, involving  judgment  in  life  situations, 
the  ability  to  solve  written  problems  is  improved". 

The  correct  viewpoint  is  shown  by  I.Iiss  UcMahon.    The  children 
received  real  life  experiences  in  solving  the  problems  which  arose  in  the 
unit.    The  solutions  which  were  necessary  were  met .challenged  the  children, 
and  prompted  a  desire  on  their  parts  to  find  an  answer  to  the  question. 
The  conclusions  filled  the  child  with  a  feeling  of  success  because  he  could 
understand  what  the  solution  meant  as  well  as  feeling  that  he  had  accom- 
plished something  worthwhile,  viz.,  the  way  to  go  about  arriving  at  an  ans- 
wer to  a  question  which  his  parents  might  be  confronted  .vith  and  one  which 
he  himself  saw  the  need  for. 

1/ 

Summarizing  the  situation  of  the  written  problem,  ;..'iss  Cummings 

says, 

"Problem- solving  activity  at  present  is  charac- 
terized by  the  spectacle  of  a  large  number  of  pupils 
solving  problems  in  arithmetic  by  means  of  type  solu- 
tions rather  than  by  means  of  vital  reasoning  process- 
es,   vhese  children  often  seem  to  perform  random  cal- 
culations upon  the  numbers  given,    rhe  thinking  of 
these  pupils  is  largely  visualization.    The  factors 

1/  Cummings:  Putting  Arithmetic  Problem  York  on  a  Functional  Basis, (91). 


necessary  to  pupil  success  are  the  use  of  small 
numbers,  and  a  relationship  of  the  situation 
involved  in  the  problem  to  the  child's  experi- 
ence in  reality. 

"Although  authorities  have  agreed  that  a 
new  type  of  arithmetic  problem  work  is  necessary, 
and  have  made  many  attempts  to  originate  a  type 
of  problem  work  which  will  meet  the  needs  of 
reality,  up  to  the  present  time  all  such  attempts 
have  been  more  less  failures." 

Miss  Gumming s  concludes  that  the  authorities  are  right  in  agree- 
ing that  teaching  must  be  based  on  reality. 

"Explanation  for  their  failure  to  devise  a 
functional  type  of  problem  based  on  reality  may 
be  found  in  the  faet  that  they  misinterpreted 
the  meaning  of  reality  as  applied  to  the  experi- 
ences of  children  of  a  given  age.  Problems 
about  real  things  are  not  necessarily  based  on 
reality.    Rather,  to  be  real,  problems  must  be 
presented  in  a  manner  directly  related  to 
reality,    ihis  means  that  the  problem  must  con- 
cern the  real  life  experiences  of  the  persons 
attempting  to  solve  them." 

The  objective  viewpoint  on  the  written  problem  is  expounded  by 
Uiss  Cummings  in  her  conclusions.      rhe  group  used  was  composed  of  pupils 
of  high  school  age.    The  I.  Q. 's  ranged  from  68  to  96.    A  booklet  made  by 
one  of  the  girls  in  the  experimental  group  is  offered  as  evidence  of  the 
achievement  made  on  the  motivated  written  problem  unit. 

C.  Summary .    The  summaries  in  this  section  cover  a  period  of  a- 
bout  five  years.    These  researches  are  carefully  worked  out  functional 
written  problem  units,    ihey  are  the  newer  type  of  problem  units  which  demon- 
strate the  possibility  of  the  objective  viewpoint.      All  of  these  units 
point  in  the  same  direction.      All  reveal  that  the  purpose  of  the  written 
problem  can  be  obtained  through  the  motivated  informational  unit.    Each  con- 


-TOO  rfOi 


ill   7  2: 


117 

eludes  that  there  is  nothing  lost  through  the  abandonment  of  the  isolated, 
traditional,  puzzle-type  of  textbook  problem. 
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CHAPTER  VI 

SUMMARY  AND  CONCLUSIONS 

Originally  the  written  problems  appeared  in  practical  arithme- 
tics for  tradesmen  and  they  were  solved  in  order  to  help  and  guide  them  as 
much  as  possible.    Pike's  "New  and  Complete  System  of  Arithmetick"  in  1808, 
contained  1,469  problems,  660  of  which  were  solved  and  564  of  which  v/ere 
given  without  the  solution.—^    Later  textbooks  began  to  omit  solutions; 
children  had  no  familiarity  with  the  situations;  obviously , something  was 
wrong  and  the  children  were  in  confusion;  then,  mental  discipline  was  e- 
rected  as  a  defense  and  the  impossible  non-functional  type  of  problem  work 
continued  for  a  century  without  change  or  concern. 

In  1904,  at  the  mid-winter  meeting  of  the  National  Education 

Association,  Dr.  Frank  Lc'./urray  sixDke  upon  the  desirable  omissions  of  arith- 

2/ 

metic  -  a  general  criticism  of  what  we're  doing  as  he  termed  it.  Dr. 
He]  urrary  was  among  the  first  to  raise  any  question  as  to  the  validity  of 

the  type  of  school  work  which  was  being  required  of  children.  Later, 

3/ 

Thorndike  ~"    questioned  the  type  of  arithmetic  problem  which  we  were  solving 
in  our  schools  and  said  that  problems  should  be  solved  in  the  school  to  the 
end  that  pupils  may  solve  the  problems  which  life  offers. 

1/  Anderson:  Written  Problems  in  Arithmetic  Textbooks,  1808-1930,  p. 56. (4). 
Zf  McMur rary : 7/hat  Omissions  are  Advisable  in  the  Present  Course  of  Study 

and  .That  Should  be  the  Basis  for  the  Same?  p. 194  (242). 
3/  Thorndike:  The  New  .."ethods  in  Arithmetic,  p.  125  (328). 


I 


ll 

I! 


Thorndike  made  suggestions  for  the  improvement  of  the  written  problems  of 
textbooks,  rhis  early  beginning  had  no  thought  of  the  elimination  of  the 
isolated  traditional  type  of  textbook  problem;  only  its  improvement. 

Slowly  others  came  to  the  point  where  they  realized  that  something 
was  wrong  with  written  problems  in  textbooks,  but  it  was  very  gradually  that 
a  few  began  to  recognize  its  futility. 

By  degrees  researchers  took  an  interest  in  trying  to  find  the 
answer  to  the  question  what  is  the  trouble  with  the  textbook  problem  as  it 
stands?    Extensive  studies  followed  by  Osburn,  Morton,  Hydle  and  Clapp, 
Brownell  and  Stretch,  Kramer  and  others,    'x'here  was  experimentation  with 
the  isolated  problem  on  the  basis  of  vocabulary,  reading  difficulties,  form 
of  statements,  analysis  of  the  procedure  in  solutions,  f amiliarity  of  the 
situation,  and  correlation  with  abilities  in  other  school  subjects.  Sarly 
research  on  written  problems  gave  only  negative  results.      Now  we  can  see 
why.    i'he  researchers  were  missing  the  point  in  trying  to  get  value  out  of 
the  old  traditional,  isolated  textbook  problem. 

What  happened  to  all  of  these  gifted  men?     They  failed  to  examine 
the  purposes  of  the  written  problem.    I'hey  were  satisfied  to  take  an  old 
outmoded  foundation  and  try  to  build  upon  it  in  an  endeavor  to  solve  this 
most  disconcerting  factor  of  failures  in  problem- solving. 

When  written  problems  are  approached  from  the  viewpoint  of  pur- 
poses, such  questions  as  the  following  arise:  -  What  does  happen  in  real 
life?    ffith  what  variety  of  situations  is  an  individual  confronted  in  life? 
Does  an  individual  in  life  figure  when  he  does  not  understand?    Are  the 
requirements  of  the  arithmetic  course  sensible  and  useful?       Studies  by 
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Vilson,  .Vise,  </oody,  Louth,  jalrymple,  Lindberg,  Sala,  D.  '.7.  Wilson  and 
others,  show  that  the  arithmetic  needed,  on  the  basis  of  use  in  society,  is 
limited  and  vuch  more  simple  than  is  found  in  textbooks,    to  refuse  to  ac- 
cept this  mass  of  data  as  presented  by  these  studies  from  the  social  and 
industrial  world  would  be  hardly  sane.    If  in  the  adult  world  the  actual  use 
of  arithmetic  is  so  simple  why  should  we  expect  children  to  figure  in  situa- 
tions which  even  an  adult  of  experience  fails  to  meet?    too,  the  factor  of 
lack  of  understanding  is  involved  to  such  a  degree  that  it  is  little  wonder 
that  most  of  the  written  textbook  problems  have  little  meaning  for  the  child 
3ven  in  adult  life  one  would  never  find  an  individual  figuring  on  a  situa- 
tion which  he  did  not  understand  and  in  which  he  had  no  interest. 

"Cental  discipline  as  a  defense  of  school  tasks  has  in  general 
been  discounted  and  abandoned.     Thy  not  recognize  this  in  written  problem 
work,  and  ~ive  the  child  real  tasks  as  in  life  outside  the  school? 

It  is  interesting  to  note  that  it  was  experimentation  with  better 
types  of  problem  work  in  the  schoolroom  that  finally  pointed  the  way  toward 
the  ri^ht  views  on  written  problem  work.     If  the  aim  of  problems  is  to  help 
the  child  to  carry  over  his  tool  arithmetic  to  life,  why  not  start  with  life 
with  units  in  terms  of  pupil  needs  and  the  business  questions  of  the  home 
and  the  immediate  environment  of  the  children.    One  of  the  first  large  units 
of  this  character  was  an  eighth  grade  unit  on  "Buying  a  lot  and  building  a 

house".— ^    Other  units  followed  and  the  publication  spread  the  idea. 

2/ 

Courses  of  study  began  to  show  such  units.—     **»  Fourth  Yearbook  of  the 
Department  of  Superintendence  suggested  a  list  of  such  units  for  each  grade.— 
l/Connersville  Course  of  Study  (87). 

2/Course  of  Study:  Berkeley,  California  Rochester ,  New  York;  Denver,  Colo- 
rado, (89). 

3 /Yearbook, fourth,  Department  of  Superintendence >  (379). 
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The  isolated  written  problem  in  many  places  was  being  replaced  by  meaningful 
problem  units  in  which  judgment  in  business  matters  was  reorganized  as  the 
one  essential,  and  in  which  figuring  as  such  was  recognized  as  subordinate. 

In  time  this  culminated  in  setting  up  criteria  of  the  written 

problem:—^ 

(a)  "Providing  additional  drill  material  should 
be  no  part  of  the  purpose  of  the  problem.    Most  pre- 
sent textbook  problems  are  disguised  drill.  They 
should  be  discarded. 

(b)  "The  written  problem  work  should  not  be 
subordinated  to  processes  taught. 

(c)  "Wisdom  and  judgment  in  decisions  on  business 
matters,  -  this  is  the  real  heart  of  the  matter. 

(d)  "The  problems  are  necessarily  drawn  from  the 
community  and  subordinated  to  real  experience. 

(e)  "This,  of  course,  means  that  they  must  be 
sizeable  and  pertinent  for  the  group. 

(f)  "Figuring  as  such  is  secondary,  although 
essential.    The  teacher  helps  as  needed. 

(g)  "It  is  true  that  this  work  well  done  pro- 
vides fundamental  motivation  for  drill,  but  that 
is  not  the  purpose.    The  purpose  is  given  in  (c). 

(h)  "The  setting  up  of  written  problem  units 
to  meet  the  requirements  of  these  criteria  becomes 
a  matter  of  concern;  it  will  require  familiarity 
with  pupils  and  community;  it  will  require  time, 
xhe  development  of  one  such  motivated  written  prob- 
lem unit  will  often  take  all  class  time  on  written 
problems  for  two  weeks  or  a  month." 

The  acceptance  of  these  or  similar  criteria  which  expounds  the 

objective  viewpoint,  will  lift  a  heavy  arithmetic  burden  from  the  shoulders 

of  the  children.    Real  life  experiences  will  replace  verbalism;  business 

.1/Wilson:  Criteria  of  the  V/ritten  Problem,  p. 459,  (357). 

(This  reference  is  slightly  different  from  the  previous  one  noted  on  p. 23) 
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judgment,  as  a  goal,  will  replace  mental  discipline  and  the  traditional 


textbook  problem  will  be  replaced  by  motivated  units  based  upon  first-hand 
experience. 

Uiss  Jhite  says, 

"If  we  define  our  objectives  and  outcomes 
in  problem-solving,  and  then  present  problems 
which  are  consistent  with  a  successful  and  ef- 
ficient progress  toward  these  outcomes,  we  can 
then  afford  to  turn  to  the  minor  confusions  and 
poor  mental  processes  of  the  individual  child. 
It  is  wasteful,  however,  to  do  this  while  still 
presenting  poor  material  which  breeds  the  very 
confusions  that  we  are  striving  to  eliminate." 

Units  of  the  right  type  have  been  carefully  developed  and  made 

available  in  theses  and  papers  of  Russell,  Ouat  tlander ,  l..'c:.:ahon,  Hennigar, 

1/  2/ 

Cummings,  and  JJahoney .— '     Harap  —    has  shown  that  such  units  can  serve 
better  than  formal  drill  to  teach  some  of  the  less  used  processes  such  as 
decimals. 

There  are  certain  omission  in  this  thesis  which  will  be  immedi- 
ately recognized  by  the  reader. 

OQWjgra :     The  compiled  bibliography  is  complete  only  in  so  far  as  the  writer 
had  facilities.    Some  studies  were  not  accessible;  others  were  not  reached 
because  of  lack  of  time;  however,  a  fair  sampling  has  been  included. 
FURTH.SR  STUDY:    From  the  standpoint  of  octaining  definite  conclusions  there 
is  a  wide  field  for  further  study  of  the  written  problem. 

From  the  following  bibliography,  in  Chapter  71,  there  is  evidence 
that  much  time  and  energy  has  been  expended  upon  the  written  problem  phase 
of  arithmetic,    ihe  studies  have  been  concerned  primarily  with: 
1/Uahoney:  First  3-rade  Problem  Units,  (202). 

2/Harap:  Experimenting  .Tith  Real  Situations  in  the  Third  Grade  Arithmetic, 
(140). 
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1.  Familiarity  of  pupils  in  the  situations 
involved  in  the  statements  of  verbal 
problems. 

2.  The  process  involved  in  the  solution  of  ver- 
bal problem. 

3.  The  relationship  of  comparative  abilities 
to  achievement  in  problem-solving. 

4.  The  relationship  of  reading  to  achievement 
in  the  solution  of  verbal  problems. 

5.  Other  factors  which  contribute  to  ability 
to  solve  verbal  problems. 

(a)  Vocabulary 

(b)  Form  of  statement 

(c)  Interesting  statement 

6.  .Jiscellaneous  factors  influencing  prob- 
lem-solving. 

Those  interested  in  the  subject  have  come  a  long  way  in  recent 
years;  from  an  attitude,  which  was  satisfied  to  present  conclusions  through 
the  median  of  general  argument,  to  one  which  requires  that  the  conclusions 
be  based  upon  investigations  which  use  scientific  methods  in  the  accumula- 
tion of  data. 

In  general  it  appears  that  we  must  abandon  the  expenditure  of 
time  and  energy  on  the  traditional  written  problem  for  it  is  striving  in 
the  wrong  direction.    In  its  place  there  should  be  carried  on  research  of 
the  written  problem  based  on  the  objective  viewpoint,  namely,  informational 


units,  blocks  of  work  where  the  child  will  ,fjain  a  knowledge  of  life-like 
situations,  contentment  in  understanding  the  unit,  and  a  feeling  of  suc- 
cess at  the  close  of  the  unit  when  conclusions  are  obvious  and  within  the 
comprehension  of  the  child. 

In  conclusion,  attention  is  called  again  to  the  fact  that  the 
writer  has  maintained  the  viewpoint  that  the  traditional  isolated  textbook 
problem  as  such  is  not  meeting  the  demands  of  the  true  purposes  of  the 
written  problem.    With  this  as  a  basis  she  has  taken  the  liberty  to  criti- 
cize those  who  have  accepted  the  traditional  problem  as  the  curriculum  load 
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131 

49.  ,  "Vitalizing  Instructions",  Journal  of  national  edu- 
cational association,   (December,  1931)  20: 337-9. 

Cited  social  situations  in  which  the  need  for  considera- 
tion of  valuable  quantitative  relations  frequently  arise. 

50.  Brueckner,  Leo  J.,  and  Irving,  James  A.,  "A  Technique  for  Comparing 

the  Difficulty  of  Problems  in  textbooks  in  Arithmetic",  Elementary 

School  journal,   (December,  1932)  33:283-5. 

Showed  a  large  difference  in  the  average  level  of  dif- 
ficulty of  problems  in  ten  fifth  grade  arithmetic  text- 
books.   In  some  books  the  average  percent  of  correct 
solutions  of  a  random  selection  of  problems  covering 
the  year's  work  was  less  than  forty,  indicating  that 
the  problems  were  undoubtedly  too  difficult  for  the 
pupils. 

51.  Brueckner,  Leo  J.,  and  Lauman,  G.  3.,  "The  Measurement  of  accuracy  of 

Judgments  of  the  Difficulty  of  arithmetic  Problems",  Educational 

Method,   (March,  1933)  12:  338-45. 

Show  that  estimates  of  the  difficulty  of  problems 
on  the  basis  of  a  scale  of  known  value  yielded  re- 
liable estimates  of  difficulty. 

52.  Brueckner,  Leo  J.,  et  al.  "Tools  and  Technique  of  Diagnosis  in  arith- 

metic,"   Educational  Outlook,  (May,  1930)  4:200 

Suggested  as  basis  of  revision  of  work  in  arithmetic. 

53.  Buckingham,  n.  R. ,  "The  Social  value  of  Arithmetic",  Report  of  the 

Society's  Committee  on  Arithmetic,  rwenty-ninth  Yearbook  of  the 
National  society  for  the  Study  of  Education,  Public  school  Publishing 
Company,  Bloomington,  Illinois,  1930,  pp.  9-62. 

Opposes  reductionists  on  the  basis  that  studies  and 
investigations  which  have  led  to  the  recognition  of 
utility  as  the  important  objective  in  the  teaching 
of  arithmetic  nave  been  for  the  most  part  limited 
brief  and  inconclusive. 

54.  Buckingham,  d.  R.  and   .acLatchy,  Josephine,  "Number  Abilities  of 

Children  ./hen  they  _,nter  srade  One",  Twenty-ninth  Yearbook  of  the 
National  Society  for  the  Study  of  Education,  Public  Jchool  Publishing 
Company,  Bloomington,  Illinois,  1930,  pp. 473-524. 

Twenty  references,  resear  hes  and  reviews  of  previous 

studies. 

55.  Buckingham  and  Qsburn,  Searchlight  xirithmetic,  Introductory  Book, 

iiinn  and  Company,  Mew  York,  1927. 

Some  treatment  of  problem  solving  in  primary  grades. 

56.  Burnham,  ./illiam  H. ,  "Arithmetic  and  School  Hygiene",  Pedagogical 

Seminary,   (March,  1911)  18:54-73. 

xKeviews  history  and  studies  which  show  that  at  present 
arithmetic  is  begun  too  early. 

132 


57.  ^urton,  ..illiam  H.  ,  The  Nature  and  direction  of  -Learning,  D.  iippleton 

and  Company,  -\ew  York,  1929,  pp565. 

ceneral  Methods  of  Teaching.  Comprehensive  study  of 
methods,  principles,  and  psychology  of  teaching. 

58.  Buswell,  &.  t.,  "A  Critical  survey  of  Previous  research  in  Arithmetic 

Report  of  tne  society's  Committee  on  arithmetic ,  Twenty-ninth  Yearbook 
of  the  National  Society  for  the  Study  of  Education,  Public  School  Pub- 
lishing Company,  Bloomington,  Illinois,  1930,  pp. 445-70 
Up  to  1928:  A  general  summary  of  various  types  of 
research  in  the  field  of  arithmetic,  without  cita- 
tion of  sources. 


59. 


60. 


,  "Curriculum  Problems  in  Arithmetic",  Curriculum 
Problems  in  Teaching  Mathematics ,  Second  Yearbook  of  the  National 
Council  of  Teachers  of  Mathematics,  Teachers  College,  Columbia  Uni- 
versity, New  York,  1927,  pp. 73-93. 

Presents  five  arithmetic  curriculum  problems. 

 ,  "Summary  of  Arithmetic  Investigations,  1925"  The 


61. 


62. 


51 erne nt ary  S c hoo 1  Jo ur na 1 , ( May  and  June,  1926),  26:692-703,  745-58. 
A  summary  and  annotated  bibliography  of  arithmetic  in- 
vesitgations  reported  during  1925. 

 ,  "Summary  of  Arithmetic  Investigations,  1926",  The 

Elementary  School  Journal,  (May  and  June,  1927),  27:685-94,  713-44. 

Reviews  all  literature  previous  to  1925  that  can  be 

classified  as  quantitative  or  critical. 

   ,  "Summary  of  Arithmetic  Investigations,  1931",  The 


Elementary  School  Journal, (June,  1932),  32:766-73. 

Summarizes    fifty  quantitative  or  critical  studies  which 
appeared  during  the  calendar  year,  1931. 

63. Buswell,  C.  T.  and  John,  Lenore,  "The  Vocabulary  of  Arithmetic",  Supple- 
mentary Educational  Lonography ,  No.  38,  University  of  Chicago,  Chicago 
Illinois,  1931,  p.  146. 

Found  lack  of  adequate  explanation  of  new  terms  and  ade- 
quate drill  for  fixing  meaning;  intimated  these  facts  may 
be  attributed  to  lack  of  growth  in  vocabulary  on  the  part 
of  the  pupils. 

64.  Buswell,  G.  T.  and  Judd,  C.  H. ,  Summary  of  Educational  Investigations 
Relating  to  Arithmetic,  University  of  Chicago,  Department  of  Educa- 
tion, Bulletin  No.  27,  1925,  p.  212. 

A  summary  of  articles  and  books  which  report  scientific 
investigations  of  the  methods  and  results  of  teaching 
arithmetic. 

65.  Butler,  Charles  H. ,  "Problems  in  the  Teaching  of  Junior  High  School 

..'at  hematics"  ,  School  Science  and  Mathematics ,  (May,  1926)  ,  26:497-9 . 

A  classified  list  of  problems  relating  to  arithmetic 
which  need  investigation. 
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66.  Cajori,  Florian,  "A  Review  of  Three  Famous  Attacks  upon  the  Study  of 

Mathematics  as  a  Training  of  the  Mind",  Popular  Science  Monthly  (April, 
1912) ,  80:360-72. 

Historical  review. 

67.  California  State  Department  of  Education,  Evaluation  of  Arithmetic  Text- 

books ,  Bulletin  No.  19,  Sacramento,  California:  The  Department,  1932, 
p.  28. 

The  California  State  Department  of  Education  published  a 
detailed  report  of  a  statistical  study  of  the  merits  of 
ten  textbooks  in  arithmetic.     Its  procedures  suggest 
methods  of  analysis  that  can  be  used  by  other  groups. 

68.  Calkins,  Mary  .V. ,  "A  Study  of  the  Mathematical  Consciousness",  Educa- 

tional  Review,  (October,  1894),  8:269-86. 

Questionairre  study  of  individuals  to  determine  the 
relation  of  imagination  to  arithmetic  and  to  determine 
individual  attitudes  toward  the  subject.    History  of 
recent  discussions  of  arithmetic. 


69.  Cameron,  Ruth,  Analysis  of  the  Searchlight  Arithmetics,  Books,  I?  II, 

III  and  IV,  Boston  University  School  of  Education,  Seminar  Paper, 1923, 

Boston,  Massachusetts. 

Finds  the  written  problem  is  used  as  disguised  drill.  One 
textbook  series  contains  1,565  pages  at  least  a  thousand 
pages  too  many.    In  that  series  there  are  a  total  of  6,649 
isolated  problems. 

70.  Carmichael,  R.  D.  MA  Lesson  from  History",  School  Science  and  Mathema- 

tics, (June,  1905),  5:385-94 
Historical  account. 


71.  Carroll,  Nora  M. ,  Study  of  Two  Methods  of  Teaching  Problem- Solving  in 
Arithmetic ,  Loyola  University,  Master's  Thesis,  Chicago,  Illinois, 
1934,  p. 78. 

Two  groups  of  thirty-five  pupils  equated  in  mental  age, 
general  ability  in  fundaments  of  arithmetic,  problem- 
solving,  and  teacher  ratings  were  taught  case  two  of 
percentage.    The  experimental  group  was  taught  by 
practical  problems,  the  control  by  drill  in  abstract 
processes,  for  three  weeks.    No  significant  difference 
was  found  in  favor  of  either  method. 


72.  Charters,  J.  M. ,  Methods  of  Teaching,  Row  Peterson  and  Company,  1912, 
p.  444. 

General  Methods  of  Teaching.  Contains  a  discussion  on 
function  and  structure  of  subject  matter  and  its  teaching. 
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73.  Chase,  Sara  I«,  "Waste  in  Arithmetic",  Teachers  College  Record,  (Septem- 

ber, 1917)  18:360-70. 

Describes  difficulties  due  to  vocabulary  used  in  textbooks 
and  concludes:  "Surely  if  we  do  not  believe  in  transfer  of 
training,  we  are  not  going  to  ask  children  to  solve  those 
problems  whose  conditions  are  not  true  to  life;  for  it  we 
give  them  such  problems  containing  unfamiliar  situations 
and  words,  we  are  going  to  prevent  the  very  thing  for  which 
we  are  working,  -  clear  habits  of  thinking  by  which  to  in- 
crease their  power  to  make  intelligent  use  of  numbers". 

74.  Chase,  Vernon  3.  "The  Diagnosis  and  Treatment  of  some  Common  Difficul- 

ties in  Solving  Verbal  Problems  in  Arithmetic",  Journal  of  Educational 

Research,  (December,  1929),  £0:335-42. 

Describes  a  general  technique  for  determining  the  causes 
of  difficulties  in  reasoning.    Illustrates  technique  by 
detailed  account  of  one  case.    Shows  resulting  changes 
from  three  months  of  remedial  work. 

75.  Christofferson,  H.  C. ,  "College  Freshmen  and  Problem-Solving  in  Arith- 

metic", Journal  of  Educational  Research,  (January,  1930),  21:15-20. 
Based  on  results  of  Buckingham  Scale  for  problems  in 
arithmetic.    Found  that  the  computational  errors  more 
frequent  than  reasoning. 

76.  Clark,  John  P.,  "Annual  Survey  of  Textbooks  and  Related  Publications 

in  Mathematics",  Journal  of  Educational   lethods,  (November,  1927), 
7:87-92. 

An  evaluation  of  six  textbooks  published  during  1926-27. 
Sets  up  as  criteria  seven  principles  each  of  which  is 
briefly  described. 

77.   ,  "Mathematics  in  the  Junior  High  School",  Teachers 

College  Record,   (December,  1926),  28:360-73. 

Critical  discussion  of  mathematics  needed  in  Junior 
High  School. 

78.  Clark,  John  R.  and  Vincent,  E.  Leona,  "A  Comparison  of  two  Methods  of 

Arithmetic  Problem  Analysis",  Mat hemat ics  Teac her ,  (April,  1925) , 
18:226-33. 

Investigators  believe  that  the  graphic  presentation 
method  should  be  studied  more  fully  before  its  superiority 
over  the  traditional  method  can  be  claimed  with  any  degree 
of  certainty. 

79.  Coffey,  L. ,  "Practical  Problem  Unit  in  Arithmetic",  (Grade  Six)  Educa- 

tional Methods,   (January,  1937),  16:205-7. 

An  informational  and  meaningful  unit  developed  in  arithme- 
tic class  and  presented  in  assembly.    A  meaningful  unit 
presenting  the  financial  aspects  as  well  as  the  wide  range 
of  advantages  to  the  school. 
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80.  Colburn,  Yfarren,  Arithmetic  Upon  the  Inductive  Method  of  Instruction, 

B.  Lockwood,  New  York,  1831. 

One  of  the  leading  textbooks  of  the  second  quarter  of 
the  nineteenth  century. 

81.  Columbia  Associates  in  Philosophy,  An  Introduction  to  Reflective  Think- 

ing,  Houghton  Mifflin  Company,  Boston,  .'assachusetts,  1923,  p.  351. 
General  Methods.  Indespensible  to  any  one  interested  in 
doing  research  work. 

82.  Committee  of  xen,  Report  on  Secondary  studies  with  reports  of  the  Con- 

ferences arranged  by  the  ^om.Mttee,  iimerican  Book  Company,  New  York, 
1894,  p.  105. 

"Among  the  subjects  which  should  be  curtailed   " 

This  as  early  as  1893. 

83.  Conant,  Levi  L. ,  "The  Beginnings  of  Counting",  School  science  and 

Mathematics,   (June,  1905),  5:385-94. 

Anthropological  and  historical  material  on  the  evolu- 
tion of  number  ideas. 

84.  ,  "The  Historical  Developement  of  Arithmetical 

Notation",  Pedagogical  Seminary,   (June,  1892),  2:149-52. 

History  of  number  symbols.    A  summary  of  textbooks  of 
France,  England,  Belgium  and  America. 

35.  Condell,  C.  H. ,  "A  Plea  for  Arithmetic",  Education,  (November,  1925) 
46:170-8. 

The  author  says  arithmetic  may  be  so  taught  as  to  have 
high  moral  values.    A  good  teacher  can  make  abstract 
problems  attractive,  and  a    means  of  developing  per- 
sistence.   A  wrong  slant  entirely  that  of  formal  dis- 
plinary  measures  from  the  written  problem  in  arithmetic. 

86.  Connelly,  T.  M. ,  Informational  arithmetic  in  the  Junior  High  School  or 

Upper  Grades,  Boston  University  School  of  Education,  Master's  thesis, 
Boston,  Massachusetts,  1926. 

Includes  seven  model  lessons  of  informational  arithmetic 

on  the  Junior  High  School  level. 

87.  Co nnersville, Public  Schools,  Course  of Study  in  Mathematics  for  the 

Elementary  Grades,  Go nnersville ,  Indiana,  1911 

88.  Connors  k  Hawkins:  ".That  ...aterials  Are  ...ost  Useful  to  Children  Learning 

to  Solve  Problems?", Educational  Method,  (October,  1936),  16:21-29, 

(April,  1934),  13:367-70. 

A  brief  statemant  based  on  results  of  the  Stone  Reason- 
ing Test.    Finds  that  the  best  material  for  teaching 
problem-solving  is  tnat  selected  by  pupils  from  their 
own  environment.    One  of  the  best  references. 
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89.  Courses  of  Study:  Berkley,  California,  Rochester,  Hew  York,  Denver, 

Colorado . 

Courses  of  Studies  which  first  began  to  show  informational 
units. 

90.  Courtis,  S.  A.,  "Measurement  of  Growth  and  Efficiency  in  Arithmetic" , 

The  Elementary  School  Journal,  10 : 58 . 

Courtis  contributed  the  first  of  the  type  of  studies 
■vnich  aims  for  the  scientific  standardization  of 
arithmetic. 

91.  Cummings,  Irene,  Putting  arithmetic  Problem  .7ork  on  a  junctional  Basis, 

Boston  University  School  of  Education,  _oston,  Massachusetts,  1934, 
p.  69. 

An  info rmational unit  of  work  demonstrating  the  objective 
viewpoint.  Excellent. 

9E.  Dalrymple,  Charles  0.,  Frequency  of  Occurrence  of  Fractions  in  Industry, 
Boston  University  School  of  Education,  L'aster's  Thesis,  ^oston,  Massa- 
chusetts, 1932. 

Gives  results  in  terms  of  what  fractions  are  frequent 
enough  in  usage  to  be  included  in  courses  of  study  in 
arithmetic.    From  a  study  of  19,306  fractions  concludes 
that  fractions  above  16/16  are  insignificant  in  business 
or  in  common  affairs  and  the  most  important  are  found 
in  halves,  quarters,  thirds,  eighths  and  twelfths. 

93.  Dantzig,  Tobias,  Number,  the  Language  and  Science,  IJacmillan  Company, 

New  York,  1930,  pp.  viii,  260. 

Critical  survey  written  for  the  cultured  non- 
mathematician. 

94.  Davies,  C.  R. ,  "Elements  of  Arithmetical  ability",  Journal  of  Educa- 

tional Psychology,  1914,  5:131-40. 

Principle  conclusion  calls  attention  to  the  close 
connection  between  reasoning  and  general  efficiency 
in  arithmetic. 


95.  Dawson,  C.  D. ,  "Some  Results  in  Using  Starch's  Arithmetic  Reasoning 
Test",  Journal  of  Educational  Research,  (October,  1920) ,2: 677-8. 
Concludes  "It  might  be  well  for  inexperienced  teachers 
to  note  this  fact:  that  failure  is  to  solve  verbal 
problems  may  be  due  to  a  lack  of  training  in  reading 
rather  than  a  lack  of  training  in  numbers.     It  might, 
therefore,  be  advisable,  at  least  occasionally,  to 
use  verbal  problems  in  training  pupils  in  technical 
reading".    A  summary  of  statistical  scores  of  the 
ori  ginal  study  is  given.    This  refers  of  course  to  the 
isolated  problem  and  is  the  wrong  trend  in  view  of 
present  findings. 
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96.  Dalfay,  Anjy  J.,  "Arithmetic  Leaning",  Childhood  Education,  (June,  1935), 

11:408-12. 

A  suggestive  article  showing  concretely  some  ways  to 
develop  meaning  in  arithmetic  in  the  lower  grades. 

97.  Dewey,  John,  How  ,'/e  Think,  D.  C.  Heath  and  Company,  Revised  Edition, 

Boston,  Massachusetts,  1933,  p.  301. 

Deals  with  "The  Problem  of  Training  Thought",  and 
"Logical  Considerations". 

98.  Dewey,  John  and  Lvelyn,  Schools  of  Tomorrow,  Dutton  and  Company,  New 

York,  1913,  p.  316. 

General  Methods  of  Teaching.    This  follows  the  theory 
that  education  shall  follow  the  natural  development  of 
the  child,     therefore,  the  curricula  must  "be  reorganized 
The  community  should  be  used  as  a  contribution  to  educa- 
tional facilities  in  the  school  of  tomorrow.  Chapters 
on  democracy  and  education  are  noteworthy. 


99. 


,  The  School  and  Society,  Dutton  and  Company,  New  York, 


1915,  p.  164. 

General  Methods  of  Teaching.    Stresses  democratic  ideas 
in  teaching. 

100.  Dickey,  John  if.,  "The  Value  of  Estimating  Answers  to  Arithmetic  Prob- 

lems and  Examples"  The  Mlementary  School  Journal,  (September,  1934)  , 
35:84-31. 

Evidence  from  study  seems  to  indicate  that  practice 
in  estimating  answers  is  of  little  value  -  due  to 
immaturity  of  sixth  grade  pupils  -  Limitations  in 
study  however. 

101.  Douglass,  Harl  R. ,  Modern  .  ethods  in  High  School  Teaching,  Houghton 

Mifflin  Company,  boston,  Massachusetts,  1926,  p. 544. 

General  Methods.  A  comprehensive  and  splendid  reference 
book  on  principles  and  methods  of  teaching. 


102.  Dower,  Lucie  L. ,  "Problem-Solving  in  Arithmetic",  Selected  topics  in 
the  leaching  of  Mathematics ,  Third  Yearbook,  National  Council  of 
Teachers  of  Mathematics,  teachers  College,  Columbia  university,  New 
York,  1928,  pp. 223-67. 

Reported  that  remedial  practice  for  fifteen  minutes  a  day 
for  twenty  days  and  for  fifteen  minutes  three  days  per 
week  for  a  period  of  weeks  resulted  in  considerable  gain 
for  most  pupils.    The  study  is  valuable  because  it  gave 
summaries  of  important  investigations  and  experiements 
relating  to  problem-solving.    Of  special  interests  are 
the  following:  situations  from  which  real  problems  may 
be  obtained;  the  essential  characteristics  of  good  problems; 
the  difficulties  experienced  by  pupils  in  solving  problems; 
and  causes  of  failures  in  problem-solving.    Two  experiments 
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were  reported  which  were  carried  on  under  the  author! a 
directions,    methods  giving  remedial  instruction  fol- 
lowing administration  and  analysis  of  tests  was  dis- 
cussed in  detail  and  measured  results  of  remedial 
work  presented. 

103.  Downs,  Martha,  "Recent  Experimental  evidence  on  Problem-Solving  in 

Arithmetic",  faculty  bulletin,  Mew  Jersey  State  Normal  school,  Newark, 
New  Jersey,  1937,  3:11-13. 

Thirty-six  briefly  stated  generalizations  relating  to 

problem-solving, 

104.  Jriscoll,  Josephine  L. ,  "The  Purpose  of  .arithmetic" ,  Educational 

Method,   (January,  1937),  16:208-10. 

Advocates  the  informational  unit.     "The  experience  provided 
must  be  meaningful,  in  arithmetic  it  must  be  number-pro- 
voking, so  that  the  solution  satisfies  a  want.  This 
procedure  puts  the  solution  in  its  proper  place  —  it  is 
merely  a  means  to  an  end." 

105.  Durrell,  Fletcher,  "Solving  Problems  in  Arithmetic",  School  science 

and  Mathematics,  (December,  1928),  28:925-35. 

An  analysis  of  problems  according  to  types  and  pro- 
cesses.   Sample  problems  given  to  illustrate  the 
fifteen  fundamental  types. 

106.  Edano,  Tiburcio,  "An  Analysis  of  Arithmetic  Textual  Matter",  Phllll- 

pine  Public,  Schools,  (February,  1928)  ,  1:81-4. 

Analysis  series  of  textbooks  to  determine  the  per- 
centage of  local  and  general  problems  included.  Also 
shows  frequency  of  use  of  fifty-four  arithmetical 
terms  in  grades  three  to  seven.     Quantitative  data 
presented. 

107.  Englehart,  Max  D. ,  "The  Relative  Contribution  of  Certain  Factors  to 

Individual  differences  in  arithmetical  Problem- Solving  Ability", 
Journal  of  Experimental  Education,   (Sept  ember,  !L9 32)  ,1:19-27 
Concluded  that  intelligence  and  computational  ability 
are  important  factors  in  causing  individual  differences 
in  problem- solving;  but  the  effect  of  general  reading 
ability  is  practically  negligible. 

108.  Evaluation  of  arithmetic  Textbooks,  California  State  Department  of 

Education,  Bulletin,  No.  19,  Sacramento,  California,  1932,  pp.viii,28 
An  analysis  and  evaluation  of  six  series  of  textbooks 
in  arithmetic. 

109.  Fish,  Daniel  f • ,  Arithmetical  Examples  or  Test  Exercises  for  the  use 

of  Advanced  Classes,  Ivison,Phinney ,Blakeman  and  Company,  New  York, 
1864. 

Problems  common  to  the  middle  of  the  nineteenth  century. 
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110.  Fisher,  3.  Carolyn,  "Arithmetic  and  Reasoning  in  Children",  Pedagogical 

Seminary ,   (March,  1912),  19:48-77 

Summary  of  findings  of  investigations  of  reasoning  pro- 
cesses and  individual  difference,  Extensive  Bibliography. 

111.  Foran,  T.  G. ,  "Methods  of  Teaching  Problem-Solving  in  Arithmetic", 

Catholic  Educational  Review,  (May,  1934) ,  32:  269-82. 

Analyzes  and  discusses  scientific  literature  relating 
to  the  problem. 


112. 


113. 


"Pupils'  Methods  of  Solving  Problems  in  Arithmetic", 


Catholic  Educational  Review,   (March,  1934),  22:154-64. 
Bibliography. 

 ,  "The  Reading  of  Problems  in  Arithmetic",  Catholic 


Educational  Review,   (December,  1932),  21:601-12. 
Bibliography. 

114.  Free land,  George  E. ,  Modern  elementary  School  Practice,  Macmillan 

Company,  New  York,  1919,  p. 417. 

General  Methods.  Helpful  work  on  the  problem  method 
of  teaching  and  on  the  socialization  of  instruction. 

115.  Gallagher,  Gertrude  B.,  Insurance,  An  Informational  Unit  for  Junior 

High  School  Mathematics,  Los  ton  University  School  of  Education, 

Master's  Thesis,  ^.oston,  Massachusetts,  1938. 

A  Unit  endeavoring  to  give  both  the  teacher  and  pupils 
in  Junior  High  School  a  background  of  appreciation 
and  information  of  insurance.  Objective  viewpoint. 
Excellent . 

116.  Gard,  Willis,  "A  Preliminary  Study  of  the  Psychology  of  Reasoning", 

American  Jouranl  of  Psychology,   (October,  1007),  18:490-504 
Records  and  analyzes  introspection  of  subjects  during 
the  solution  of  puzzle  problems  in  number  with  a  view 
to  discovering  how  subjects  reason. 

117.  Gault ,  F.  B.,  "Arithmetical  Progression",  Educ  at  ion,  (January,  1900), 

20:295-97. 

Historical  reference  to  an  anrithmetic  text  1795  and 
arithmetic  teaching  in  America. 

118.  Georges,  J.  S.  "The  Mature  of  Difficulties  Encountered  in  Reading 

Mathematics",  School  Review,   (March,  1929),  37:217-226. 

Suggests  methods  of  obtaining  information  for  systematic 
corrective  work  to  eliminate  reading  difficulties  con- 
nected with  the  teaching  of  mathematics. 

119.  Gilbert,  J.  Allen,  "Researches  on  the  Mental  and  Physical  Development 

of  School  Children",  Studies  from  the  Yale  Psychological  Laboratory, 

Yale  University,  New  Haven,  Connecticut,  1894,  2:40-100. 

Shows  the  types  of  tests  undertaken  in  the  nineties 
^  before  the  day  of  standard  tests.  History  of  Recent  
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discussions  of  arithmetic. 


120.  Glass,  James  I ,  Curriculum  Practices  in  the  Junior  High  School  and 

Grades  .hive  and  six,  Supplementary  Educational  Monographs,  No. 25, 
University  of  Chicago,  Department  of  Education,  Chicago,  Illinois, 
1924,  pp.  xi,  182. 

"A  Study  of  current  practices  in  the  various  school 
subjects,     ihe  sections  dealing  with  arithmetic  are 
valuable  sources  of  objective  information,  showing 
how  arithmetic  is  being  handled  in  the  upper  grades." 

121.  Good,  H.  G. ,  "An  Eloquent  Arithmetic",  Educational  Research  Bulletin, 

Ohio  Research  ^ulletin,  Ohio  State  university,  (September  14,  1927) , 
6:243-47. 

A  brief  historical  article  relating  to  the  writings 
of  Horace  wann. 

122.   ,  "Invention  and  School  Arithmetic",  School  and  Society 

(June  23,  1934),  39:796-802. 

An  interesting  historical  account  of  significant 
contributions  to  the  content  of  arithmetic. 


123.  Gorman,  j?rank  H. ,  Some  Facts  Concerning  Changes  in  the  Content  and 

:  ethods  of  Arithmetic,  university  of  Missouri,  Doctor's  vhesis,  1931. 
In  determining  trends  a  practice  was  considered  typical 
if  found  present  in  50$  of  the  books.    Concluded  that 
there  are  three  important  changes:   (a)  From  the  Ab- 
stract to  verbal  problems  within  the  understanding  of 
pupils;  (b)  From  the  deductive  to  the  inductive 
method  with  the  employment  of  simpler  language;  and 
(c)  More  attention  to  types  and  classes  included 
under  general  uses. 

124.  Graham,  verne  0.,  "Arithmetic  Reasoning  Project  and  the  Measurement 

of  Improvement" ,  A  Co-operative  Report  of  Studies  of  the  Curriculum 
and  of  Supervision,  Chicago  Principal's  Club,  Second  Yearbook, 
Chicago,  Illinois,  1927,  pp. 86-7. 

Outlines  method  of  determining  the  percentage  of 

improvement  in  arithmetic  reasoning. 

125.  Gray,  ^umborg  B.,  "Effect  of  Process  on  Solution  of  verbal  Problems 

in  .arithmetic",  Pittsburgh  university,  Doctor's  rhesis,  (1935-38) 
Under  study  at  present . 

126.  Gray,  Olive,  "Teaching  Pupils  to  Read  Arithmetic  and  Other  Subject 

Matter",  Elementary  School  Journal,   (April,  1926),  26:607-18. 
>ives  various  lists  of  special  terms  with  which 
children  should  be  familiar  in  order  to  avoid 
difficulty  in  reading  problems  in  arithmetic. 
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127.  Greene,  Harry  A.,  "Directed  urill  in  the  Comprehension  of  verbal  Prob- 

lems in  Arithmetic",  Journal  of  Educational  Research,  (January,  1925), 
11:33-40. 

Describes  a  number  of  methods  of  teaching  pupils  how  to 
read  and  solve  problems. 

128.  Greenwood,  J.  M. ,  "The  Evolution  of  the  Arithmetic  in  the  United  itates 

Education,   (December,  1899),  20:193-201 

"Historical  account  of  several  early  texts." 

129.  Greenwood,  James  1..'.  and  iJartin,  ^rtemas,  ..otes  on  the   astory  of  Amer- 

ican Textboos  on  arithmetic.     United  itates    ureau  of  Education, 
Report  of  the  Commissioner  for  the  year  183-89,  1:789-837,  year 
1897-98,  1:789-868. 

A  descriptive  bibliography  of  textbooks  on  arithmetic 
by  American  authors  before  1892.     It  is  quite  complete, 
especially  for  authors  after  1800  and  was  carefully 
compared. 

130.  Grossnickle,  Foster  E. ,  "Cues  in  Division  Problems  Given  in  Nine 

Representative  Textbooks  in  Arithmetic",  Elementary  School  Journal, 

(February,  1933),  23:452-61 

Presents  list  of  cues  in  division  problems  found  in 
the  analysis  of  nine  textbooks  for  grades  three  to  six. 

131.  Gunderson,  Agnes  G. ,  "Nature  and  Amount  of  Arithmetic  in  Readers  for 

Grades  One  and  Two",  Elementary  School  Journal,  (March,  1936),  36: 
527-40. 

Presents  detailed  results  of  arithmetical  terms  in 
readers.    Shows  possibilities  of  closer  intergation 
between  arithmetic  reading  in  primary  grades. 

132.  Hackler,  John  M. ,  The  Relation  between  Successful  Progress  in  Mathe- 

matics and  the  Ability  to  Read  and  Understand,  and  the  Factors  that 
Contribute  to  Success  or  Failure  in  Mathematics.    University  of 
Chicago,  Master's  Thesis,  Chicago,  Illinois,  1921. 

Based  on  personal  investigations  and  analysis  of 
individual  cases.    Concludes  reading  ability  is  a 
factor  in  successful  work  in  mathematics. 

133.  Haeriter,  L.  D. ,"An  Effective  Method  of  Teaching  Pupils  How  to  Solve 

Verbal  Problems",  Mathematics  xeacher,  (March  1931,  24:166-75. 
Refers  to  the  solution  of  problems  in  algebra.  Sug- 
gests instruction  in  problem-solving  by  teaching 
pupils  to  analyze  and  organize  facts.    Through  ex- 
perience the  most  effective  method  found  over  a  period 
of  years  for  solving  a  miscellaneous  group  of  problems. 

134.  Hamaide,  A.,  "Elementary  Mathematics  at  the  Decroly  School",  New  Era 

in  Home  and  School,  (January,  1934).  15:3-8. 

Interesting  and  descriptive  article  on  the  method  of 
teaching  arithmetic  in  a  foreign  country. 
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135.  Hamilton,  E.  R. ,  "Insight  and  Skill  in  Arithmetic",  Journal  of  Educa- 

tional Research,  (September,  1925),  12:136-44. 

A  critical  discussion  of  the  value  of  certain  re- 
search studies  in  arithmetic. 

136.  Hanna,  Paul  R. ,  "Methods  of  Arithmetic  Problem-Solving",  Mathematics 

Teacher,  (November,  1930),  23:442-50. 

Controlled  Experiment  on  the  Relative  values  of 
three  methods  of  problem-solving. 

Poorest  -  conventional  formula 

Equally)    dependencies  and 

Good      )    individual  method 


137.  ,  "Arithmetic  Problem-Solving:  A  Study  of  the  Relative 

Effectiveness  of  Three  Methods  of  Problem-Solving"  (Original  Study) , 
New  York, Teachers  College,  Columbia  University,  1929,  p. 68. 


138.  Hansen,  Rowena,  Teaching  of  Reading  and  Arithmetic,  United  States 

Office  of  Education.  Bulletin  No.  10,  1934,  p. 7. 

A  bulletin  of  fifty  references,  descriptions  and 
annotations* 

139.  Harap,  Henry,  "Mathematics  for  the  Consumer",  Educational  Review, 

(October,  1927),  64:162-7. 

Critical  discussion  emphasizing  teaching  prac- 
tical mat  heira  tics. 


140.  Harap,  Henry  and  Barrett,  Ursula,  "Experimenting  With  Real  Situations 

in  Third  Grade  Arithmetic",  Educational  Method,  (January,  19S7) , 
16:188-92. 

Concludes  that  fundamentals  can  very  satisfactorily 
be  learned  in  a  program  of  arithmetic  with  units 
based  on  real  life  situations. 

141.  Harlan,  Charles  L. ,  "Years  in  School  and  Achievements  in  Reading  and 

Arithmetic",  Journal  of  Educational  Research,  (September,  1923), 
8:145-9. 

A  comparison  of  group  scores  in  rate  and  compre- 
hension of  reading  with  group  scores  (medians) 
in  arithmetic,  reasoning  of  grades  four  through 
eight  (fifteen  classes).    Conclusions  inferred 
that  the  more-than-normal  group  is  less  capable 
of  learning  to  read  than  the  less-than-normal 
group. 

142.  Hawkins,  G.  C. ,  "Results  of  the  Cleveland  Arithmetic  Test  -  Problems, 

1923-29",  Bulletin  No.  35,  Bureau  of  Educational  Research,  1929-1930, 
Finds  that  where  pupils  are  helped  over  difficulties 
by  more  "dynamic  problems"  rather  than  by  explana- 
tions, the  problem-solving  ability  of  pupils  is 
much  encreased. 
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143.  Heck,  tf.  H.  "The  Efficiency  of  Grammar  Grade  Pupils  in  Reasoning  Test 

in  Arithmetic  at  Different  Periods  of  the  School  Day",  Journal  of 
Educational  Psychology,  (February,  1914),  5:92-5. 
Results  inconclusive. 

144.  Hedgepeth,  v.V.'.B.,  "Spelling  and  Arithmetic  in  1846  and  Today",  School 

Review,  (May,  1906),  14:352-6. 

"Shows  superiority  of  modern  school." 

145.  Hennigar,  Lucy  L. ,  Arithmetic:  Informational  Problem  Units  for  A  Sixth 


Grade,  The  Family  Budget,  Boston  University  School  of  Education, 
Master's  Thesis,  ^oston,  Massachusetts,  1933,  p.  103. 

A  unit  worked  out  from  the  objective  viewpoint. 

Excellent. 

146.  Hockett,  John  A.,  A  Determination  of  the  l.iajor  Social  Problems  of 

American  Life.    Contributions  to  Education,  No.  281,  Teachers  College 

Columbia  University,  New  York,  1927,  p.  101. 

Lists  social  problems  which  deal  with  quantitative  aspects 
of  topics  usually  taught  in  arithmetic  classes,  such  as 
banking,  taxation,  wages,  investments  and  the  like.  The 
purpose  of  such  units  would  be  to  insure  an  understand- 
ing of  present-day  social  instructions  and  their  limita- 
tions as  well  as  the  directions  in  which  one  might  look 
for  improvement. 

147.  Holley,  Charles  S.,  The  Practical  Teacher,    The  Century  Company,  New 

York,  1929,  p. 306. 

General  Methods.  Practical  phases  set  forth  by 
concrete  examples,  also  examples  of  devices  for 
motivation. 

148.  Hooper,  Laura  and  Stratton,  Barbara,  "Developing  Number  Concepts  With 

Young  Children",  Educational  Method,  (January,  1937),  16:193-7. 
Describes  program  as  carried  on  with  units. 

149.  .iowe,  Florence  R. ,  "Delving  into  Real  Life  Through  Arithmetic  Problems" 

Education,  (April,  1934),  54:477-8. 

An  informational  unit  where  the  children  conclude 
that  "The  Budget"  was  the  most  valuable  thing 
they  had  done  in  their  sixth  grade. 

150.  Howell,  henry  B. ,  A  Foundational  Study  in  the  Pedagogy  of  Arithmetic, 

The  Macmillan  Company,  New  York,  1914,  pp.xii,  328. 
Complete  bibliography.    Summarizes  scientific 
work  done  up  to  1914. 

151.  How  To  Become  Quick  at  Figures,  A  Hines  and  Company,  Cooper  Institute, 

New  York,  1891. 

Depicts  the  problem,  the  rule  and  the  solution 
type  prevalent  at  tne  beginning  of  the  nineteenth 

riat'vrr.    


152.  Hughes,  A.  ff. ,  A  Unit  of  ffork:  Carrying  the  Mail,  A  Second  Grade  Ex- 

perience.   Teachers  College,  Columbia  University,  New  York,  1923, 
p. 253. 

The  purpose:  to  insure  an  understanding  of  present- 
day  social  instituions  and  their  limitations  as 
veil  as  the  direction  in  which  one  might  look  for 
improvement,    The  experimental  development  of  a 
curriculum  unit  for  second  grade  level  is  reported. 

153.  Hull,  Evelyn  A.,  "A  Project  in  the  Social  Application  of  Arithmetic" , 

Elementary  School  Journal,  (May,  1924),  24:673-8. 

A  project  carried  on  by  members  of  an  eighth  grade 
at  a  boys'  school  demonstrating  the  value  of  com- 
mercial art.    Children  encountered  many  important 
social  problems  in  their  own  daily  lives  and  in- 
dustriously worked  out  the  solutions.    An  excellent 
summary  of  social  procedures  with  which  the  boys 
became  acquainted  with  is  given. 

154.  Hunkins,  R.  V.  and  Breed,  F.  S.,  "The  Validity  of  Arithmetical  Reason- 

ing Tests",  Elementary  School  Journal,  (February,  1923),  23:453-66. 
Results  of  good  and  poor  arithmetical  intelligence 
tests  on  problems. 

155.  Hydle,  L.  L. ,  and  Clapp,  Frank  L. ,  Elements  of  difficulty  in  the 

Interpretation  of  Concrete  Problems  in  Arithmetic.    Bureau  of  Educa- 
tional Research,  Bulletin  No.  9,  University  of  Visconsin,  Madison, 
Wisconsin,  1927,  p. 84. 

Forty-six  schools  co-operated,  350,000  solutions  of  p 
problems  by  pupils  in  grades  four  through  eight  were 
received  and  tabulated.    Quantitative  data  presented. 
Investigation  designed  to  study  the  effect  of  eight 
elements  of  difficulty  on  the  interpretation  of  con- 
crete problem,  found  that  if  the  problem  could  be 
visualized  it  became  almost  as  easy  as  if  it  occurred 
within  the  child's  experience. 

156.  Irwin,  Elizabeth  A.  and  Marks,  Fitting  the  School  to  the  Child.  The 

Macmillan  Company,  New  York,  1920,  p. 339. 

General  Methods.    An  experiment  in  public  education 
in  tenement  districts  in  Manhattan. 

157.  Jaekson,  Lambert  L.,  The  Educational  Significance  of  Sixteen  Century 

from  the  Point  of  View  of  the  Present  Time,    xeachers  College  Con- 
tribution to  Education,  No.  8,  Teachers  College,  Columbia  University, 
New  York,  1906,  p. 232. 

"The  period  studied  is  of  special  importance.  It 
marks  the  beginning  of  present  day  arithmetic." 
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158.  Jaffe,  Samuel  3.,  "Proposed  .Modification  of  the  Course  of  Study  in 

arithmetic  for  Dull  ..ormal  Pupils  (Grades  one  through  six)  in  nine- 
teen -lementary  schools  (Districts  41  and  42,  Brooklyn,  i^ew  York)" 
New  York  University,  Doctor's  Thesis,  New  York,  (1935-1938). 
Under  study  at  present. 

159.  Janes,  Grace  E. ,  "A  Study  of  the  Isolated  Problems  of  Four  Arithmetic 

I'est  Series",  Educational  Method,  (January,  1937),  16:193-9. 
Finds  that  "the  isolated  written  problem  of  the 
textbook  has  little  if  anything  to  commend  it". 
Conclusions  confirm  other  studies  and  suggests  a 
distinct  gain  through  abandonment  of  textbook 
problems. 

160.  Jessup,  Walter  A.,  "Current  Practices  and  Standards  in  Arithmetic", 

minimum  Essentials  in  Elementary  School  subjects  -  Standards  and 
Current  Practices.  Fourteenth  Yearbook  of  the  National  Society  for 
the  Study  of  Education,  Part  I,  University  of  Chicago,  Chicago, 
Illinois,  1915,  p. 118. 

A  summary  of  the  result  of  a  study  of  867  replies 
to  a  questionnaire  received  from  city  superinten- 
dents of  schools  as  to  eliminations  in  the  arith- 
metic curriculum,  with  recommendations  for  these 
eliminations. 

161.   ,  "Grade  for  Introduction  of  a  Text  in  Arithmetic", 

Elementary  School  Journal,  (November,  1914),  15:162-6. 

Reports  on  questionnaire  sent  to  superintendents 
with  regard  to  practice  and  desirable  level  in 
the  grades  at  which  to  begin  systematic  instruc- 
tion in  arithmetic. 

162.   ,  "Some  Elimination  in  the  Jontent  of  Arithmetic  as  a 

Factor  in  the  Economy  of  rime",  Proceedings  and  Addresses  or  the 
x\atipnal  Education  Association,  1913,  51:464-8. 

Analysis  of  courses  of  study  and  tabulations  of  judgments 
of  superintendents  on  topics  of  arithmetic  to  be  retain- 
ed or  eliminated. 

163.  Jessup,  //alter  j.  and  Coffman,  L.  D.,  The  Supervision  of  Arithmetic, 

The  Uacmillan  Company,  New  York,  1916,  pp.viii,  226. 
Reports  on  time  and  topical  distributions  sum- 
marized.from  questionnaires  sent  to  superinten- 
dents in  cities  having  a  population  of  4,000  or 
more  and  to  every  sixth  county  superintendent  in 
United  States.    Replies  from  52$  of  the  cities 
and  24$  of  the  counties. 

164.  John,  Lenore,  "Difficulties  in  Solving  Problems  in  Arithmetic",  Elemen- 

tary School  Journal,  (May,  1927),  31:302-5. 

Found  that  most  of  the.errors, in  reasoning  made  in 
grades  fourTrive  and  six  are  in  the  fundamental  op-  ■ 
erations  and  in  reasoning. 
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165.  Jonas,  J.B.S.,  "Where  They  Really  Teach  Mathematics",  Educational  Re- 
view, (March,  1923),  75:173-9. 

Comparison  of  German  and  American  education  to  the 
apparent  credit  of  the  German.    From  ninth  toei^iteen- 
th    year,  German  student  has  mathematics  four  times 
a  week. 


166.  Journal  of  Business  Education,  "Herbert  P.  Sheets  on  Arithmetic", 
Journal  of  Business  Education,  (May,  1930),  4,  16,36,50. 
Analyzes  problems  in  110  texts  and  criticizes 
arithmetic  texts  on  ground  that  problems  con- 
tained therein  present  unreal  business  situa- 
t  ions . 


167.  Journal  of  the  National  Education  Association.    "Our  Heritage  in 
Arithmetic".    Journal  of  ths  National  Education  Association, 
(February,  1926) ,  15:62 

A  statement  of  the  arithmetical  abilities  to  be 
developed  in  each  grade  from  one  to  seven. 

163.  Judd,  Charles  H. ,  "Fundamental  Educational  Reforms".  Elementary 
School  Journal,  (January,  1923),  23:333-4. 

An  historical  article  which  raises  the  question, 
"Is  there  not  some  way  of  systematizing  school 
development  so  that  it  will  not  have  to  depend 
on  internal  friction  for  its  salvation?". 


169.  , "Research  in  Elementary  Education".    In  Studies  in 

Educat ion,  Yearbook,  Fifteenth  of  the  National  Society  of  College 
Teachers  of  Education,  University  of  Chicago  Press,  Chicago,  Illinois, 
1926,  pp. 56-65. 

Points  out  certain  problems  of  research  in  arith- 
metic.   Also  critically  evaluates  methods  of  re- 
search. 


170.  ,  Psychological  Analysis  of  the  Fundanentals  of  Arith- 
metic, University  of  Chicago  Press,  Chicago,  Illinois,  p. 5. 

Finds  "Arithmetic  reasoning  has  not  improved; 
arithmetic  is  still  the  major  cause  of  failure  a 
and  non-promotion  in  the  elementary  school." 

171.  ,  Psychology  of  Secondary  Education,  Ginn  and  Company, 
1927,  New  York. 

Emphasizes  the  necessity  for  generalization  in 
probl  em- so  lvi  ng. 

172.  Karpinski,  Louis  C,  "An  Unique  Collection  of  Arithmetics",  Popular 

Science  Monthly,  (September,  1910),  77:226-35. 

Description  of  Arithmetics  in  the  library  of 
G.  A.  Plimpton. 


173.    .  "The  First  Arithmetic  in  the  United  States".  School 

and  Society,  (March, 32,  1924),  19:349-51. 

Contents  of  early  Spanish  Arithmetics  published 
in  Mexico  City  in  the  sixteenth  century. 

174.  ,  The  History  of  Arithmetic,  Rand,  McNally  and  Company 
New  York,  1925,  pp. 85-98. 

Bibliography  at  end  of  each  chapter.    List  of 
arithmetics  and  arithmetical  works  published  in 
America  before  1800. 

175.  ,  "Practical  Arithmetic",  Journal  of  Education, 
(December,  17,  1914),  80:603-5. 

Suggests  reality  in  arithmetic.    "Real,  means  first 
of  all  real  to  the  child  and  secondly  true  to  essen- 
tials to  ordinary  business  or  family  life.    A  prob- 
lem may  fail  to  meet  the  test  of  business  and  yet 
be  desirable  for  instruction  but  a  problem  that  is 
not  real  to  the  child  fails  utterly." 

176.  Keener,-!.  E. (Chairman)  "Test-Problems  in  Arithmetical  Reasoning, 

Sixth  Grade",  The  Second  Co-operative  Report  of  the  Studies  of  Cur- 
riculum and  of  Supervision,  Chicago  Principals'  Club,  Third  Yearbook 
1928,  pp. 94-102. 

Describes  construction  of  100  problems  for  sixth 
grade  pupils  and  their  rating  according  to  dif- 
ficulty -  100  problems  presented.    Present  quanti- 
tative data. 

177.  Keller,  Jacob  W. ,  "Warren  Colburn's  Mental  Arithmetic",  Pedagogical 

Seminary,  (June,  1923),  30:162-71. 

History  of  Colburn's  reforms  and  the  relation  of 
Colburn's  system  to  Pestalozzi. 

178.  Kircher,  H.  W • ,  "Study  of  Percentage  in  (irade  Eight  A.",  Elementary 

School  Journal,  (December,  1926),  27:281-9. 

This  study  investigates  the  extent  to  which 
children  in  the  second  half  of  the  eighth  grade 
understand  percentage  and  summarizes  that  80$ 
of  eight  A  grade  pupils  have  no  clear  conception; 
offers  remedial  instruction. 

179.  Klapper,  Paul,  The  Teaching  of  Arithmetic,  D.  Applet on  and  Company, 

New  York,  1916,  p. 393. 

Chapter  13  gives  a  thorough  presentation  of  all 
phases  of  the  topic.    Particular  attention  is 
given  to  characteristics  of  effective  arithme- 
tic problems  and  steps  in  solving  a  problem. 
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180.  Kline,  Linus  F.,and  Anderson,  Phoebe  K.,  ■"•ha  Role  of  Habit  in  Reason- 
ing." School  Science  and  Mathematics,     (February,  1926),  26:  156-67. 

Reports  detailed  study  of  reasoning  processes  of 
four  subjects.    Finds  habit  plays  an  important 
role  in  reasoning. 

181.  Knight,  F.  B. ,  "A  Report  of  Four  Studies  in  Arithmetic",  Journal  of 
Educational  Research,  (January,  1927),  30:325-40. 

Studies  deal  with  (1)  perceptual  value  of  various 
configurations  of  numbers.  (2)  tridimensional  space 
in  primary  arithhmetic.  (3)  Verbal  problems.  (4) 
Textbook  illustrations  in  arithmetic. 

182.  "Arithmetic  -  Psychology  of  the  School  Subjects",  Review 
of  Educational  Research,  (December,  1931),  1:354-60,  412-19. 

139  references,  researches,  classification  of 
references. 

183»                             ,  "Some  Aspects  of  Elementary  Arithmetic",  Curriculum 
Problems  in  Teaching  Mathematics,  Second  Yearbook  of  the  National 
Council  of  Teachers  in  Mathematics.,  Teachers  College,  Columbia  Uni- 
versity, New  York,  1927.  PP.3-72 

Extensive  discussion  of  nine  specific  problems 

in  teaching  arithmetic.    Includes  material  for 

several  investigations.    One  of  the  outstanding 

articles  of  the  year. 

184.  »  "Trends  in  Arithmetic",  Bulletin  of  the  Department  of 
Elementary  School  Principals,  (July,  1932),  11:640-45- 

A  critical  appraisal  of  recent  trends  in  arithmetic 
with  a  critical  discussion  of  their  probable  future 
implications. 

185.  Kramer,  Grace  A.,  The  Effect  of  Certain  Factors  in  the  Verbal  Arithmeti 

Problem  Upon  Children's  Success  in  the  Solution.  (Grade  Six)  Doctor1 s 
Thesis,  Johns  Hopkins  Press,  University  Studies  in  Education,  No.  20, 
Baltimore,  Maryland,  1933,  p.106. 

She  found  that  the  factors  of  interest,  sentence 
form,  language  details,  and  sentence  form  made  no 
appreciable  difference.    Vocabulary  difficulties 
did  make  a  difference. 

186.  ,"Some  Wrong  Notions  in  Devising  Arithmetic  Problem", 
Education,  (April,  1934),  54:473-6. 

Author1 s  view  on  written  problems  based  on  an 
extensive  statistical  study. 

187.  Kregel,  Luvella  J.,  "A  General  Plan  of  Development  in  Teaching  Units 
of  Work  in  Upper  Grade  Arithmetic",  Journal  of  Educational  Methods, 
(May,  1929),  8:453-58. 

• 

Discusses  and  illustrates  desirable  units  of  work 
for  upper  grade  arithmetic,    -^resents  a  limited 
amount  of  data  giving  results  of  tests  on  units 
described. 

188.  Kulp,  C.L.,  "A  iviethod  of  Securing  Real -Life  rroblems  in  the  fundamen- 
tals of  Arithmetic",  Elementary  School  Journal,  (-February,  1929,  29: 
42S-30. 

Describes  method  of  securing  real-life  problems 
from  parents  of  school  children,    -Presents  ex- 
amples of  the  types  of  problems  submitted. 

189.  Lane,  Robert  H. ,  A  Teacher* s  Guide  to  the  Activity  Program,  The  Mac- 
millan  Company,  New  York,  1933,  P'257« 

General  Methods.    Modern  and  up-to-date.  "Teach- 
ing in  an  informal  room  is  the  greatest  fun  on 
earth.". 

190.  Lazerte,  Milton  E.  A  Diagnosis  of  Difficulties  Encountered  in  Solving 
Problems  in  Arithmetic,  University  of  Chicago,  ms,  Chicago,  Illinois, 
1927,  p. 268. 

Concluded  that  when  intelligence  was  held  con- 
stant, experience  and  training  were  the  important 
factors  in  the  successful  solution  of  verbal  prob- 
lems. 

191 •   »  The  Development  of  Problem-Solving  Ability  in  Arithme- 
tic, Clark,  Irwin  and  Company,  Limited,  Toronto,  1933»  pp.xviii,  136 
Summary  of  six  scientific  studies  made  by  the 
author  concerning  pupils'  mental  processes  in 
problem-solving.    Report  is  important  both  be- 
cause of  its  contribution  to  new  techniques  and 
because  of  the  data  presented.    The  author  adds  a 
final  chapter  concerning  applications  to  methods 
of  teaching  arithmetic. 

192.  Lennes,  N.  J. ,  The  Teaching  of  Arithmetic,  The  Macmillan  Company,  1923, 
ftew  York,  pp.x,  486. 

Includes  summaries  of  scientific  studies.  Deals 
with  general  problems  of  learning  and  specific 
problems  of  arithmetic. 

193*  Lessenger,  W.  E. ,  "Reading  Difficulties  in  Arithmetical  Computation", 
Journal  of  Educational  Research,  (-^pril,  1925),  11:287-91. 
Infers  that  the  cure  for  errors  in  the  tradi- 
tional problem  is  training  in  reading.  Concludes 
that  the  transfer  of  the  improved  skills  from 
reading  proper  to  reading  in  arithmetic  was  ex- 
tensive. 


194.  Ligda,  Paul,  "The  Systematic  Solution  of  Arithmetic  Problems",  School 
Science  and  Mathematics,  (January  and  February,  1928),  23:24-33,172-80 
A  critical  discussion  of  problem-solving  in 
arithmetic. 

195*  Lindberg,  Olive  M. ,  Study  of  the  Present  Use  of  Decimals  in  Manufactur- 
ing.   Boston  University  School  of  Education,  Master's  Thesis,  -Boston, 
1937. 

Concludes  from  the  textbook  study  of  decimals 
that  much  unnecessary  drill  is  given  to  problems 
and  examples  for  surpassing  indifficulty  the  needs 
of  adults  in  industry. 

196,  Lindquist,  Theodore,  Modern  Arithmetic  Methods  and  Problems,  Edited  by 
George  W-  Myers,  Scott,  -t'oresman  and  °ompany,  Chicago,  1917»PP.xvi » 300 
Presents  good  historical  introductions  to  dis- 
cussions.   Includes  material  on  visualizing 
and  interpreting  problems. 

197*  Lockerly,  Florence,  Banking,  Teachers'  Lesson  Unit  Series,  No.  28, 
Teachers  College,  Columbia  University,  .New  York,  p. 21. 
The  purpose  of  the  unit  is  to  insure  an  under- 
standing of  present-day  social  institutions  and 
their  limitations  as  well  as  the  direction  in 
which  one  might  look  for  improvement.  Experi- 
mental development  of  a  suitable  unit  in  banking. 

198.  Louth,  Mary,  Units  of  Measure  in  Industry,    ^oston  University  Graduate 
School,  Boston,  1931 

Summarizes  the  data  obtained  from  five  industries. 
Finds  that  much  included  in  textbooks  that  has 
little  justification  for  being  continued  on  the 
basis  of  use  in  industry. 

199.  Lutes,  O.S.,  An  Evaluation  of  Three  Techniques  for  Improving  Ability 
to  Solve  Arithmetic  Problems;  A  Study  in  the  Psychology  of  Problem- 
Solving.  (Sixth  Grade)  University  of  Iowa  Monographs  in  Education,  First 
Series,  No.  6,  Iowa  City,  Iowa,  University  of  Iowa,  1926,  p. 42. 

Finds  that  mechanical  accuracy  increases  ability 
to  solve  verbal  problems. 

200.  Maberry,  L.  W.,  "Individualizing  Problems  for  Pupils",  Elementary  Schoo 
Journal ,  (October,  1917),  18:133-7. 

Experiments  with  pupils  in  each  of  the  twelve 
second-  and  third-grade  classes,  to  determine 
the  effect  of  individual  help  by  the  teacher 
in  all  the  arithmetical  difficulties. 
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201.  Magruder,  Mary,  "Early  Textbooks  -  Arithmetic" ,  Journal  of  the  National 


Education  Association,  (December,  19^5),  14:275-76. 

A  brief  history  of  textbooks  from  the  "cyphering 
book"  (of  the  teacher's  own  school  days) as  a 
basie  text  to  the  "most  original  development,  the 
attempt  to  derive  arithmetic  problems  from  life 
situations". 

202.  Mahoney,  Olive,  "*irst  Grade  "^roblems  Units",  Boston  University  School 
of  Education,  Master's  Thesis,  Boston,  1938 

Outlines  a  year's  work  for  grade  one  bassed  on 
informational  unit. 

203.  Mary,  Marguerite,  Sister,  "Aims  in  Arithmetic",  Catholic  Educational 
Review,  (May,  1937),  35:284-93- 

Bibliography,  Excellent  history. 

204.   ,  "The  Development  of  Arithmetic  as  a  School  Subject", 

Catholic  Educational  Review,  (November,  1936),  34:536-52. 

Gives  the  history  of  the  European  background 
and  the  arithmetic  curriculum  in  Colonial  America 
as  the  basis  of  the  development  of  arithmetic  as 
a  school  subject. 

205.   ,  "Formalization  of  Arithmetic  in  the  United  States", 

Catholic  Educational  Review,  (January,  1937),  35:28-34. 

•  The  history  of  the  disciplinary  function  of  arith- 
metic in  the  school  curriculum  between  i860  and 
1890.  Bibliography. 

206.   ,  "The  Influence  of  Pestalozzi  on  Early  American  Arith- 
metic Texts",  Catholic  Educational  Review,  (December,  1936),  34*577-88 

An  interesting  history  of  the  influence  of 
Pestalozzi  on  textbooks  from  1821  to  i860. 
Supported  by  references. 

207  ,  "Reaction  Against  Eormslism  in  Arithmetic,  1890-1919", 

Catholic  Educational  Review,  (April,  1937),  35:225-36. 
1898  -  two  elementary  texts  based  on  Dewey's 
principles. 

208.   ,  "Recent  Trends  in  Arithmetic",  Catholic  Educational 

Review,  (March,  1937),  35:159-70. 

Reviews  recent  trends  in  arithmetic  and  concludes 
that  educational  practice  has  too  blindly  followed 
the  proposal  of  theorists  who  have  never  had  prac- 
tical experience  in  the  classroom.    Advocates  in- 
creased discrimination  on  the  part  of  those  in  the 
field  as  not  only  "desirable"  but  "absolutely  neces- 
sary".   Good  bibliography. 
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209*  Merton,  E.  L.  "Study  of  Problems  in  Arithmetic",  University  of  Ohio 
Research  Bulletin,  (April  15,  29,  May  13,  1925),  Columbus,  Ohio 
Merton  ahows  that  two-thirds  of  the  difficulty 
is  accounted  for  by  the  fact  that  the  child  does 
not  know  what  it  is  all  about. 


210.  Merton,  E.  L.,and  Banting,  G.O.,  "Remedial  Work  in  Arithmetic",  Second 
Yearbook  of  Department  of  Elementary  School  Principals,  (July,  1923) > 
Ch.8,  pp. 395-421. 

Carried  on  a  study  with  elementary  school  pupils 
in  an  attempt  to  eliminate  difficulties  in  reason- 
ing. 

211.  Me serve,  Harrison  G.,  "Mathematics  One  Hundred  Years  Ago",  Mathematics 
Teacher,  (October,  1928),  21:336-43 

Historical  review  of  arithmetic  textbooks  vary- 
ing in  publication  date  from  1797  to  I869.  Con- 
cludes that  "most  of  what  we  call  the  new  can  be 
found  in  the  old  books". 


212.  Metter,-  Harry  L.,  "Trends  in  the  Emphasis  on  Various  Topics  of  Arithme- 
tic since  I860",  Elementary  School  Journal,  (June,  1934),  34:767-75. 

"Analysis  of  fifty-five  texts,  1860-1933.  Lists 
topics  which  have  been  dropped  and  those  receiving 
less  attention."  Excellent. 

213.  Miller,  G.  A.,  "Origin  of  Our  Common  Positional  Arithmetic",  School  and 
Society,  (September,  28,  1929),  30:431-32. 

A  critical  historical  article. 

214.  Miller,  Harry  L.,  Creative  Learning  and  Teaching,  Charles  Scribnerts 
Sons,  1927,  New  York,  p. 262. 

General  Methods.  An  illustrated,  modern  more  or 
less  technical  view  of  the  new  learning. 

215.  Mills,  Clifford  N*f  "A  Study  of  the  Types  of  Errors  Made  in  Arithmetic 
by  Junior  High  School  Pupils",  Wisconsin  University,  Doctor1 s  Thesis, 
(1935-1938). 

Under  study  at  present. 

216.  Mitchell,  Claude,  "Problems  Analysis  and  Problem-Solving  in  Arithmetic" 
Elementary  School  Journal,  (February,  1932),  32:464-66. 

Finds  marked  improvement  in  problem-solving  as  a 
result  of  analytical  exercises. 

217.  ,  "The  Specific  Type  of  Problem  in  Arithmetic  versus 

the  General  Type  of  Problem",  Elementary  School  Journal,  (April,  1929), 
29:594-96. 

Finds  little  transfer  of  training  from  specific 

to  general  problems .  Amount  of  training  on  specific 


problems  was  small,  however,  being  limited  to 
practice  on  fifteen  problems. 
A  correlation  of  .52  between  the  responses 
to  verbal  problems  with  numbers  and  verbal 
problems  without  numbers.    Concludes  that  be- 
cause a  pupil  can  solve  a  specific  problem 
does  not  mean  that  he  has  formed  a  generaliza- 
tion which  he  can  apply  to  all  other  similar 
problems. 

218.  Monroe,  Walter  S.,  "A  Preliminary  Report  of  an  Invesitgation  of  the 
Economy  of  Time  in  Arithmetic".    Second  Report  of  the  Committee  on 
Minimal  Essentials  in  Elementary  School  Subjects,  Sixteenth  Yearbook 
of  the  National  Society  for  the  Study  of  Education,  Part  I,  Public 
School  Publishing  Company,  1917,  pp. 11-27 

Report  of  an  analysis  of  occupational  problems  in 
four  arithmetic  textbooks.  Makes  a  comparison  of 
the  distribution  of  occupational  problems  with 
the  occupational  distribution  of  the  population 
of  United  States. 

219.   ,  "The  Derivation  of  Reasoning  Tests  in  Arithmetic"". 

School  and  Society,  (September,  7  and  H,  1918),  8:295-9,  324.-9* 

Offers  critical  analysis  of  certain  factors  in 
the  arithmetic  problem  rather  than  a  statistical 
study.    Major  interest  is  in  the  direction  of 
the  adequate  tests  in  arithmetic  reasoning. 

220.   ,  Development  of  Arithmetic  as  a  School  Subject  United 

States  Bureau  of  Education  Bulletin,  No. 10,  p.  170,  1917* 

Traces  in  some  detail  the  history  of  the  develop- 
ment of  arithmetic  as  a  school  subject  and  the 
methods  of  teaching  it  in  the  United  States.  An 
excellent  book.    Gives  a  general  bibliography,  repre- 
sentative texts  of  the  time  and  references  of  recent 
tendencies  and  developments 

221.  ,  How  Pupils  SqItb  Problems  in  Arithmetic,  Bureau  of 
Educational  Research  Bulletin  No.  44,  University  of  Illinois  Bulletin, 
Vol.26,  No.  23,  University  of  Illinois,  Urbana,  Illinois,  1929,p-32. 

Follwed  up  a  previous  investigation  of  the  nature 
of  pupils1  mental  processes  in  solving  problems. 
His  major  purposes  were  to  discover  the  extent 
to  which  pupils  use  reason  or  apply  habitual  set- 
methods  in  the  solution  of  problems.    From  four 
sets  of  tests  given  concludes  that  a  large  per- 
centage of  the  seventh  grade  pupils  solve  problems 
by  habit  rather  than  by  reason. 


222.   ,  "Principles  of  Method  in  Teaching  Arithmetic  as  De- 
reived  from  Scientific  Investigation  "    Fourth  Report  of  the  Committee 
on  Economy  of  Time  in  Education,  Sight eenth  Yearbook  of  tie  National 
Society  for  the  Study  or  Jducacion  Part  II,  Public  School  Publishing 
Company,  Eloomington,  Illinois,  1919,  pp. 78-95. 

Summarizes  studies  and  applies  principles  dervied 
to  methods  of  teaching.    Jives  bibliography.  Thirty 
investigations. 

228.  ,  "Warren  Colburn  on  the  Teaching  of  Arithmetic,  To- 

gether with  an  Analysis  of  His  Arithmetic  Texts."  Elementary  School 
Teacher,  (May  and  June  1912),  12:421-6,  463-80,  (September,  1912), 
13:17-24,  239-46,  294-302,  (January  and  February,  1913) 

Historical  material  describing  Colburn' s  work  show- 
ing its  sources  tracing  its  influence. 

224.  Monroe,  Walter  S.,and  Clark,  John  A. ,  The  Teacher's  Responsibility  for 
Devising  Learning  Exercises  in  Arithmetic,  Bureau  of  Educational  Re- 
search Bulletin,  No.  31,  University  of  Illinois  Bulletin, Vol.  33,  No. 41 
University  of  Illinois,  Urbana,  Illinois,  1926,  p. 92. 

A  critical  discussion  supported  by  same  new  data. 
Chief  contribution  consists  in  a  detailed  analysis 
of  the  problems  in  ten  textbooks  in  arithmetic. 

225.  Monroe,  Walter  S. ,  and  Englehart,  Max  D. ,  "The  Effectiveness  of  Systema- 
tic Instruction  in  Reading  Verbal  Problems  in  Arithmetic",  Elementary 
School  Journal,  (January,  1933),  33:377-81. 

Found  no  significant  differences  in  the  results 
obtained  in  thirteen  classes  in  grades  five  in 
which  reading  of  verbal  problems  was  stressed, 
and  in  equated  classes  in  which  reading  of  verbal 
problems  was  not  emphasized.    Concluded  that  dif- 
ficulties attendant  upon  use  of  experimental 
method  rendered  results  uncertain. 

226.  Morgan,  Clellen  L. ,  "Characteristics  of  Problem-Solving  Behavior  of 
Adults".  Studies  in  the  Psychology  of  Learning,  II,  Studies  in  Education 
Vol.  9,  No. 5,  University  of  Iowa,  1934,  Iowa  City,  pp. 105-43. 

Data  for  conclusions  were  drawn  from  three  sources: 
a  puzzle  experiment  and  to  experiments  making  use 
of  mental  mazes. 

227.  Morton,  Robert  L. ,  Papers,  "An  Analysis  of  Errors  in  the  Solution  of 
Arithmetic  Problems". 

228.  ,  "Pupils'  Errors  in  Solving  Arithmetic  Problems", 
Educational  Research  Bulletin,  Ohio  State  University,  (April  15  and  29, 
May  13,  1925) 

A  aeries  of  case  studies  made  through  careful 
analysis  of  children's  test  papers.    A  typical 
classification  of  errors  in  problem  solution  is 
offered. 
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229.  Morton,  Robert  L.  "Solving  Arithmetic  Problems:  Case  Studies",  Educa- 
tional Research  Bulletin,  (May  13,  1925),  4:203-7 

Case  descriptions  of  three  sixth  grade  pupils 
showing  the  difficulties  they  encountered  in  a 
test  made  up  of  arithmetic  problems. 

230.  ,  Teaching  Arithmetic  in  the  Intermediate  Grades, 
Silver,  Burdette  and  Company,  Boston,  1926,  p. 354. 

Dr.  Morton  carried  on  an  experiment  with  three 
hundred  pupils  in  grades  five,  six,  seven  and 
eight  in  an  atrempt  to  determine  the  degree  of 
correlation  between  ability  in  problem-solving 
and  certain  other  abilities. 

231.  Myers,  George  71. ,  "The  Arithmetical  Productiveness  of  Utilitarian, 
Social  and  Scientific  Ideals,  Viewed  Historically M.  Mathematics  Teacher 

(February,  1927),  20:93-100. 

A  historical  account  of  the  evolution  of  arith- 
metic with  reference  to  its  actuating  ideals. 

232.  Myers,  Garry  C,  "Imagination  in  Arithmetic",  Journal  of  Education, 
(Junel3,  1927),  105:662-63. 

A  criticism  of  briefly  worded  problems.  Gives 
samples  of  type  of  problems  held  to  be  more 
desirable. 

233.  ,  The  Prevention  and  Correction  of  Srrors  in  Arithme- 
tic,  Plymouth  Press,  1925. 

Reports  an  experiment  with  a  small  amount  of  material 
in  somewhat  loose  and  extreme  style  in  which  he  finds 
evidence  in  favor  of  the  long  problems  making  an 
imaginative  appeal. 

234.  ,  "Textbooks  in  Arithmetic  Review",  Elementary  School 
Review,  (October,  1927),  28:150-53. 

This  arithmetic  reviewer  commends  certain  authors  for 
having  "written  many  a  problem  which  the  child  will 
read  for  mere  enjoyment,  —  a  rare  quality  in  arith- 
metic". 

235.  ,  The  Tragedy  of  Errors  in  Arithmetic,  Plymouth  Press, 
Chicago,  Illinois,  1925. 

xhis  study  is  based  upon  language  difficulties 
in  the  written  problem.    Approaches  standpoint 
of  argument. 

236.  McClure,  Worth,  "Learning  to  Read  Arithmetic  Problems",  Teachers 
Journal  and  abstract,  (March,  1926),  1:183-88. 

A  summary  of  material  relating  to  difficulties 
encountered  in  reading  arithmetic  problems. 
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237.  McDougle,  Ernest  C,  "A  Contribution  to  the  Pedagogy  of  Arithmetic", 
Pedagogical  Seminary,  (June,  1914),  21:161-218. 

A  history  of  recent  discussions  of  arithmetics 
with  a  bibliography  of  141  texts. 

238.  McLaughlin,  Katharine  L. ,  "Summary  of  Current  Tendencies  in  Elementary 
School  Mathematics  as  Shown  by  Recent  Textbooks",  Elementary  School 
Journal,  (March,  1918),  18:543-51. 

Review  of  school  texts  w  ich  appeared  between 
1912-1918. 

239.  McMahon,  Katherine,  "An  Experiment  tfith  a  Unit  in  Arithmetic",  Boston 
University  School  of  Education,  Seminar  Paper,  Boston,  Massachusetts, 
1934, 

An  excellent  unit  based  on  Banking.    Gets  the 
objective  view  and  seems  to  demonstrate  the 
possibility  of  such  informational  units. 

240.  McMurray ,irank  M. ,  "The  Question  That  Arithmetic  is  Facing  and  Its 
Answer",  Teachers  College  Record,  (June,  1926),  27:873-81. 

A  plea  for  considering  arithmetic  as  a  social 
study  rather  than  merely  a  tool  subject. 

241.  ,  "What  is  the  Matter  with  Arithmetic?"  Education, 
(April,  1934),  54:449-51. 

Describes  a  visit  to  a  one-room  country  school 
in  New  York  State.    Arithmetic  suffers  from 
lack  of  rich  content  is  the  conclusion. 

242.  ,  "What  Omissions  are  Advisable  in  the  Present  Course 
of  Study  and  What  Should  Be  the  Basis  for  the  Same?"  Journal  of  Pro- 
ceedings and  Addresses  of  the  Forty-Third  Annual  Meeting  of  the 
National  Education  Association,  1904,  p.  194. 

Before  the  Department  of  Superintendents  sug- 
gested a  list  of  topics  to  be  eliminated. In 
general  the  list  agreed  with  Committee  of  Ten 
recommendations. 

243.  McMurray,  Frank  M.  and  benson,  C.  B. ,  Social  Arithmetic,  Books  X,  II, 
and  III,  The  Macmillan  Company,  New  York,  1926 

Approaches  the  "informational  unit"  textbook 
but  based  on  adult  experience. 

244.  National  Committee  on  Mathematical  Requirements,  The  Reorganization  of 
Mathematics  in  Secondary  Education^  Bureau  of  Education  Bulletin,  No. 32 
1921,  pp.vi,  74. 

rtistory  of  recent  discussions  with  Committee 
Recommendations  on  the  curriculum. 
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245.  National  Education  Association  Proceedings,  1880,  1881,  1882,  1895 
These  proceedings  reflect  the  educational 
thought  of  the  teachers  of  the  United  States. 
The  following  have  particular  reference  to 
arithmetic:    1880,  p. 114;  1881,  p. 24, 85, 106; 
1882,  p. 617,  620;  1895,  p. 264,  300. 

5. National  Education  Association,  Report  of  the  Committee  of  fifteen  on  the 
Correlation  of  Studies.    Addresses  and  Proceedings  of  the  National 
Education  Association,  1895,  pp. 264-300 

1895  reported  that  it  was  fully  convinced  that 
arithmetic  has  been  over-emphasized  in  the 
schools  and  recommended  its  study  in  the  ele- 
mentary school  to  a  term  of  five  years  begin- 
ning in  the  second  and  closing  at  the  sixth. 
Right  methods  and  wise  use  of  time,  the  Com- 
mittee claimed  could  well  make  this  plan  a 
possibility. 

247.  National  Education  Association,  "Research  and  the  Curriculum  in  Arith- 
metic.   Keeping  Pace  with  the  Advance  in  Curriculum",  Research  Bulletin 
of  the  National  Education  Association,  {September  and  November,  1925) 

3:131-138. 

Ten  questions  are  raised  based  on  major  cur- 
riculum problems  in  arithmetic.    There  is 
presented  some  scientific  evidence  on  each 
question  although  none  are  answered  with 
finality. 

248.  Neulen,  Leon  N. ,  Problem-Solving  inArithmetic,  A  Study  of  Certain 
Factors  in  the  Allocation  of  Arithmetic  Problems  Involving  One  or 
::ore  Reasoning  Steps.  Columbia  University  Teachers  College,  Doctor's 
Thesis,  New  York,  1931,  p. 87. 

Reported  the  correlation  between  problem- 
solving  and  skill  in  fundamental  operations 
was  considerably  higher  than  between  problem- 
solving  and  general  intelligence;  fifty-two 
references;  researches. 

249.  Newcomb,  Ralph  S. ,  Modern  Methods  of  reaching  Arithmetic,  Houghton, 
Mifflin  Company,  Boston,  Massachusetts,  1926,  pp.xvi,  354. 

rotable  for  its  use  of  Findings  of  Research  - 
General  textbook  methods. 

250.  ,  "Teaching  Pupils  tiow  to  Solve  Problems  in  Arithmetic", 
Elementary  School  Journal,  (November,  1922),  23:183-89. 

Describes  an  experiment  in  which  pupils  were 
trained  in  analysis  of  problems.  Results 
favorable. 
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251.  Nolan,  Olive,  "Mot ivat ion  of  the  Intermediate  Course  of  Study  in  Math- 
ematics by  Shop  Problems  in  Prevocat ional  Schools",  Education,  (Janu- 
ary, 1926) ,  46:285-9. 

Discussion  of  ways  of  motivating  upper-grade 
arithmetic. 

252.  O'Connor,  Mary  2.,  "Scale  for  Measuring  Arithmetic  Textbooks",  Educa- 
tional Review,  (April,  1928),  75:243-4. 

Scale  is  interesting. 

253.  Olander,  H.  T.,  "An  Attempt  to  Make  Arithmetic  Practical",  Elementary 
School  Journal,  (February,  1935),  35:476-7. 

Reviews  the  Strayer-Upton  Revised.  Practical 
arithmetics  but  fail  for  he  accepts  the  iso- 
lated traditional  problem  "as  practical"  and 
meaningful  to  the  child. 

254.  Osburn,  W.  J.  Corrective  Arithmetic,  volume  II,  Houghton  Mifflin  Com- 
pany, ^oston,  1929,  pp.vi,  280. 

i'reats  problem-solving. 

255.  ,  Diagnostic  and  Remedial  treatment  for  Errors  in  Arith- 

metic Reasoning,  State  Depart.uent  of  Public  Instruction,  Madison, 
Wisconsin,  1922. 

A  classification  and  analysis  of  errors  made 

by  pupils  in  solving  reasoning  problems. 

256.  ,  Reading  Difficulties  in  Arithmetic,  Department  of 
Education,  Madison,  Wisconsin,  1925. 

Shows  that  written  problems  are  frequently 
meaningless  to  children. 

257.  ,  "Two  Recent  Books  on  Arithmetic",  Educational  Re- 
search Bulletin,  (February  5,  1930),  9:66-73. 

Critical  analysis  of  recent  studies  by 
Wheat  and  Bowden. 

258.  Otis,  Arthur  S.,  "Visual  Method  of  Solving  Arithmetic  Problems,  Mathe- 
matics Teacher,  (December,  1928),  21:483. 

Proposes  and  illustrates  anew  method  of  solving 
problems. 

259.  Overman,  James  R.,  An  Experimental  Study  of  Certain  Factors  Affecting 
Transfer  of  Training  in  Arithmetic,  Educational  Psychology  Monograph 
No.  29,  V7arwick  and  York,  Baltimore,  Maryland,  1931,  p. 235. 

Overman  snowed  that  there  is  a  great  deal  of 
transfer  among  number  combinations  and  types 
of  examples  in  the  same  process.    It  would 
therefore  appear  that  much  more  emphasis  may 
be  given  to  the  idea  of  generalized  ideas  and 
concepts  by  showing  interrelationships  from 
process  to  process  and  topic  to  topic. 

260.  Overman,  James  R. ,  Principles  and  Methods  of  reaching  Arithmetic, 
Lyons  and  Carnahan,  iMew  York,  1920,  p. 340. 

Part  4  is  devoted  to  the  treatment  of  the 
topic  of  problems  and  problem-solving.  The 
purpose,  the  nature  and  sources,  teaching 
pupils  how  to  solve  and  the  form  of  written 
solutions  are  dealt  with. 

261.  Partridge,  Clara  lf«  ,  "Number  i^eeds  in  Children's  Reading  Activities'*, 
Elementary  School  Journal,  (January,  1926),  26:357-66. 

An  analysis  of  arithmetic  terms  found  in 
books  and  magazines  read  by  children. 

262.  Pike,  Nicholas,  New  and  Complete  oystem  of  Arlthmetick  Composed  for  the 


Citizens  of  the  United  States,  Thomas  and  Andrews,  ^oston,  1804,  p. 352. 
(Abridged  for  the  use  of  schools) 

One  of  the  first  well  known  arithmetics;  was 
intended  as  a  cyclopedia  or  handbook  for  trades- 
men. 

263.  Piper,  nelen  J.,  "Can  Arithmetic  Come  Alive?"  Eaucat ion,  (February, 
1932) ,  52:313-15. 

Why  should  we  assume  that  verbal  or  written 
problems  must  follow  the  traditional  form? 
Investigations  to  date  show  that  only  unsatis- 
factory results  follow  the  use  of  the  isolated 
written  pro Diem.    Here  is  a  proposal  for  an 
entirely  new  line  of  attack  -  vitalizing  the 
curriculum. 

264.  The  Place  of  Mathematics  in  Modern  Education,  Eleventh  Yearbook  of  the 
National  Council  of  reach ers  of  Mathematics,  Columbia  University 
Teachers  College,  New  York,  1936,  pp.vi,  258. 

A  series  of  eight  critical  papers  on  the  place 
of  arithmetic  in  schools. 

265.  Pound,  Olivia,  "Having  Fun  flith  Arithmetic",  Elementary  School  Journal, 
(June,  1925),  25:797-99. 

Describes  Raymond  V7eeksT  Boys'  Own  arithmetic  as 
having  problems  which  no  boy  would  be  ashamed 
to  be  interested  in. 

266.  Pressey,  L.  C,  "Determination  of  the  Technical  Vocabulary  of  the 
School  Subjects",  School  and  Society,  (July, 19,  1924) ,20:91-6. 

An  extensive  study  of  textbooks  in  schools  to 
determine  the  "technical"  vocabulary  as  a 
means  of  discovering  why  pupils  fail.  The 
isolated  problem  was  involved  in  arithmetic 
and  the  method  for  determining  the  technical 
vocabulary  is  described. 
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267.  Pressey,  L.  C.  and  31am,  M.  E. ,  "The  Fundament al  Vocabulary  of  Arith- 
metic", Elementary  School  Journal,  (September,  1932),  33:46-50. 

A  study  of  the  vocabulary  used  in  arithmetic 
problems. 

268.  Pressey,  L.  C.  and  Moore,  V«  S.,  "Growth  of  Mathematical  Vocabulary 
from  the  Third  Grade  through  High  School",  School  Review,  (June,  1932) , 
40:449-54. 

These  studies  dealt  largely  with  the  vocabulary 
involved  in  the  computational  function  and  failed 
to  consider  other  forms  of  quantitative  relation- 
ships. 

269.  Pyle,  William  H. ,  "An  experimental  Study  of  the  Development  of  Certain 
Aspects  of  Reasoning",  Journal  of  Educational  Psychology,  (October, 
1935) ,  26:539-46. 

Presents  results  from  tests  of  approximately  a 
thousand  pupils  in  grades  three  through  twelve 
on  a  series  of  arithmetic  problems.    Shows  the 
lowest  grade  at  which  75$  of  the  pupils  could 
solve  each  problem. 


270. 


m,  The  Psychology  of  the  Common  Branches,  Warwick  and 


271, 


York,  Inc.,  Baltimore,  Maryland,  1930,  pp.vii,  381. 
Abstracts  of  the  source  material. 

Quattlander ,  Elizabeth,  Replacing  Systematic  Drill  With  Informational 
Units  in  Second  Grade  Arithmetic,  Boston  University  School  of  Education 
Boston,  1935. 

Profitable  because  it  was  enjoyable  from  a 
subjective  standpoint  and  presents  objective 
viewpoint. 

Reavis,  W.  C,  "The  Social  Motive  in  the  Teaching  of  Arithmetic", 
Elementary  School  Journal,  (December,  1917),  18:264-7. 
Shows  results  from  certain  forms  of  motivation 
in  arithmetic.    Data  are  presented  to  show 
effect  of  vacation  period  on  ability  to  solve 
problems  in  arithmetic. 

273.  Reeve,  William  D. ,  "Curriculum  Problems  in  Junior  High  School  Mathe- 
matics", Teachers  College  Record,  (January,  1923),  29:334-44. 
Suggests  ways  of  approaching  the  solution  of 
curriculum  construction. 


272, 


274. 


"The  Universality  of  Mathematics". ,  Mathematics 


Teac her ,  ( February ,  1930),  23:71-83. 

"Arithmetic  eternal  bugbear  of  the  American 
youngster".  A  survey  which  concludes  that  the 
schools  teach  much  more  arithmetic  than  the 
average  adult  requires;  therefore,  the  arith- 
metic courses  are  needlessly  hard. 
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274.  Report  of  the  Committee  of  Fifteen  on  elementary  Education  with  the 
Reports  of  the  Sub -Commit tee,  Published  for  the  National  Education 
Association  by  the  American  Book  Company,  1895,  Chicago,  Illinois, 
pp. 53-8. 

Committee  is  convinced  that  arithmetic  receives 
too  much  emphasis  in  schools  and  recommended 
that  obsolete  and  impractical  parts  of  the  sub- 
ject be  eliminated. 

•  275.  Report  of  the  Committee  of  Ten  on  Secondary  School  Studies  with  the 
Reports  of  the  Conferences  ijranged  by  the  Committee.    Published  by 
the  American  Book  Company,  1894  for  the  National  Education  Association, 
Chicago,  Illinois,  p. 105. 

"Among  subjects  which  should  be  curtailed   " 

276.  Research  in  Constructing  the  Elementary  School  Curriculum,  Third  Year- 
book of  the  Department  of  Superintendence,  Department  of  Superinten- 
dence of  the  National  Education  Association,  Washington,  1925,  pp. 35- 
62. 

Summaries  relating  to  major  curriculum  problems 
are  reviewed  in  an  attempt  to  organize  the  find- 
ings as  answers  to  definite  problems  in  arithme- 
tic.   Excellent  references. 

277.  Rice,  C.  S.,  "Analysis  of  Errors  in  Arithmetic",  Educational  Research 
Bulletin,  (February  3,  1926),  Ohio  State  University,  5:59-61. 

Annotated  bibliography. 

278.  ,  An  Analysis  of  Pupil  Difficulties  with  Word  Problems 
in  Arithmetic,  Ohio  State  University,  Master's  Thesis,  1925,  Columbus, 
Ohio. 

An  analysis  of  pupil  difficulties  with  word 
problems  in  arithmetic. 

279.  ,  Educational  Research:  Causes  of  Success  and  Failure 
in  Arithmetic",  Forum,  (January -March,  1903),  34:437-52. 

Gives  causes  of  success  and  failure  in  arith- 
metic basing  data  on  6,000  pupils  in  grades 
four  through  eight. 

280.   ,  "Test  in  Arithmetic",  Forum,  (October,  1902),  34: 

281-97. 

Demonstrates  the  wide  range  of  ability  in  each 
grades  and  shows  the  extent  of  the  range,  as 
well  as  the  great  overlapping  of  ability  in 
each  of  the  grades. 

281.  Riddell,  William  R.,  "A  Century-Old  Canadian  Arithmetic",  School, 
(September,  1930),  19:6-8. 

Description  of  Canadian  Texts  -  1833. 
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282.  Roantree,  William  F. ,  An  Arithmetic  for  Teachers,  The  Macmillan  Company 
1927,  pp.xiii,  621. 

Information  on  the  various  items  to  be  taught 
in  arithmetic  and  a  discussion  of  the  methods 
of  presenting  this  knowledge  to  the  child. 

283.  Robertson,  M.  S.,  "Problem-Solving  in  Arithmetic**,  Peabody  Journal  of 
Education,  (November,  1931) ,  9:176-83. 

After  testing  712  pupils  in  grades  four  to 
seven  on  two  sets  of  verbal  problems  of  equal 
difficulty,  one  read  aloud  to  the  pupils  by 
the  teacher  and  the  other  read  silently  by 
the  pupils,  discovered  much  higher  scores  on 
the  pupil  -  read  tests.    He  argued  the  need 
for  practice  on  problems  presented  orally 
since  most  problems  encountered  in  life  are 
oral. 

284.  Robbins,  Charles.    The  Socialized  Recitation,  Allyn  and  Bacon,  Boston, 
Massachusetts,  1920,  p. 110. 

General  Methods.    Very  good  book  for  reference 
on  socialization. 

285.  Rolker,  Edna,  "Arithmetic  Problem-Solving".    The  Principal  and  Super- 
vision.   Tenth  Yearbook,  Washington,  D.  C,  Department  of  Elementary 
School  Principals,  National  Education  Association,  (April,  1931), 

pp. 471-5. 

Described  a  supervision  program  for  improve- 
ment in  problem-solving  —  presented  facts  to 
show  that  the  pupils  made  real  gains  as  a  result 
of  the  program. 

286.  Rosse,  James  C,  "An  Experiment  to  Test  the  Increase  in  Reasoning 
Ability  from  the  Use  of  Test  and  Practice  Sheets  in  Six  A  Arithmetic", 
Journal  of  Educational  Research,  (October,  1930),  22:210-13. 

After  a  fifty-eight  day  investigation  in  which 
practice  was  given  by  means  of  Lennes  Test  and 
practice  sheets  in  arithmetic,  concluded  that 
these  material  are  valuable  in  improving  the 
ability  to  reason  in  the  solution  of  verbal 
problems. 

287.  Rubado,  Clarence  A.,  Problems  of  the  City  School  Superintendent  in  the 
Field  of  Arithmetic.    Teachers  College  Contribution  to  Education, No. 406 
Teachers  College,  Columbia  University,  New  York,  1930,  p. 108. 

Reports  investigation  of  problems  treated  in 
the  literature  of  arithmetic  which  are  judged 
by  superintendents  of  schools  to  be  important 
to  them  in  their  professional  activities.  Ex- 
tensive classified  bibliography. 
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288.  Russell,  Gelia  A.,  Banking  as  the  Junior  High  School  Child  Should  Know 
It.  Boston  University,  Master's  Thesis,  coston,  Massachusetts,  1934. 

An  informational  unit  based  on  banking.  Pre- 
sents the  objective  viewpoint  and  shows  pos- 
sibilities of  such  units  on  junior  high  level. 

289.  Sala,  Vincent,  Denominate  Numbers  Used  in  the  Factories  of  -Tew  Britain, 
Boston  University  School  of  Education,  Master's  Thesis,  boston,  Massa- 
chusetts, 1931. 

Finds  that  in  the  industries  studies  there  is 
no  justification  in  teaching  compound  numbers, 
requiring  memorizing  of  tables  and  weights  of 
measurements  and  reduction  ascending  or  descend- 
ing. 

290.  Sanford,  Vera,  A  Short  History  of  Mathematics.  Houghton  Mifflin  Company 
isoston,  Massachusetts,  1930,  p. 401. 

Chapter  Five  on  verbal  problems  is  excellent, 
rraces  the  uses  of  problems  in  textbooks,  prob- 
lems typical  of  different  races  and  epochs, 
history  of  certain  standard  problems,  puzzles 
and  recreations  and  a  summary. 

291.  ,  nExtraneous  Details",  Mathemati cs  Teacher , ( February , 
1928) ,  21:83-91. 

Interesting  critical  discussion  but  reader  is 
left  none  the  wiser  as  to  the  results  which 
would  follow  if  the  proposals  made  were  put 
into  practice.  (Should  be  made  subject  of 
scientific  investigation.) 

292.  Sangren,  P.7. ,  "The  Need  for    ore  Adequate  Measurements  of  Achievement 
in  Arithmetic",  Mathematics  Teacher,  (January,  1929),  22:  1-13. 

Contends  that  "measurements  ought  to  be  applied 
both  in  and  out  of  the  school  for  the  purpose  of 
more  adequately  determining  the  relative  values 
of  different  phases  of  arithmetic  and  the  ulti- 
mate goals  to  be  obtained.    Only  as  we  measure 
the  relationship  between  the  school  instruction 
in  arithmetic  and  the  life  outside  can  we  settle 
upon  our  purposes  and  goals". 

293.  Schorling,  Raleigh,  The  Teaching  of  Mathematics,  Ann  Arbor  Press,  Ann 
Arbor,  Michigan,  1936,  pp.viii,  248. 

Several  excellent  chapters  dealing  with  problems 
of  teaching  arithmetic. 

294.  Scott,  Zenos  2.  ,and  Others,  "Arithmetic"  In  the  Nation  at  .fork  on  the 
Public  School  Curriculum,  Fourth  Yearbook  of  the  Department  of  Superin- 
tendence, Department  of  Superintendence  of  the  National  Education 
Association,  Washington,  1926,  pp. 173-220. 
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Summarizes  eight  different  studies  which  appeared 
during  1925. 

295.  Shea,  Mary  A.,  "An  Informational  Unit  in  Arithmetic",  Bducat ion ,  (April 
1934) ,  54:478-9. 

Depicts  various  ways  of  travel  from  Newport, 
Rhode  Island  to  New  York  City.    Concludes  that 
the  boat  is  the  most  preferable  in  this  instance. 

296.  Slaught,  H.  E.,  "Romance  of  Mathematics",  Mathematics  Teacher,  (Octo- 
ber, 1927) ,  20:303-09. 

The  romantic  history  of  the  number  system  traced 
through  the  age-long  struggle  of  the  human  race 
to  learn  to  count. 


297.  Smith,  David  E.,  "The  Development  of  the  American  Arithmetic",  Educa- 
tional Review,  (September,  1916),  52:109-18. 

Sketchy  historical  article.    History  of  the 
American  textbooks  and  arithmetic  teaching  in 
America. 


298.   ,  History  of  Mathematics,  G-inn  and  Company,  vol. 1, p. 596, 

vol.  2,  p. 726,  uoston,  Massachusetts. 

From  prehistoric  mathematics  to  the  middle  of 
the  nineteenth  century,  valuable  as  an  appre- 
ciation topic,  vol.  1  deals  with  a  general  sur- 
vey.   Vol.  2  -  special  topics  of  elementary 
mathematics. 


299.   ,  "Mathematics  in  Training  for  Citizenship",  Third  Year- 
book of  the  xeachers  of  Mathematics,  1928,  pp. 11-23. 
Without  these  functional  ideas  of  number,  our 
modern  civilization  would  oe  completely  impos- 
sible.   Indicates  some  of  the  disasters  which 
would  inevitably  result  from  the  loss  of  num- 
erical ideas  in  the  modern  world. 


300.   ,  The  Progress  of  Arithmetic  in  the  Last  Quarter  of  a 

Century,  Girtn  and  company,  Boston,  Massachusetts,  1923,  pp.vi,  94. 

Summary  of  changes  and  ventures  in  arithmetic  in 
the  last  quarter  of  a  century. 

301.  ,  Rara  Arithmetics,  Ginn  and  Company,  Boston,  Massachu- 
setts, 1908,  vol  1,  pp.xiv,  252;  vol.  2,  pp. 253-508. 

Historical  account  of  arithmetical  materials. 


302.  ,  "Suggestions  on  the  Arithmetic  Question",  Uathemat ics 
Teacher,  1925,  18:333-40. 

Touches  on  a  few  details  of  the  work  with  integers 
and  common  fractions  and  on  a  single  one  connected 
with  decimals  in  an  attempt  to  call  attention  to 
the  nature  of  the  questions  which  should  be  more 
carefully  considered  by  those  who  are  in  the  field 
of  arithmetic.    An  excellent  article. 

303.  ,  "The  Teaching  of  Arithmetic",  Teachers  College  Record 
1909,  10:1-11. 

Discussion  of  methods  more  practical  than  scientific. 

304.  ,  The  Teaching  of  Elementary  Mathematics,  The  Macmillan 
Company,  Ren  Ork,  1900,  pp.xvi,  312. 

Chiefly  historical.    In  1919  Smith  said, "The 
tendency  to  obtain  mental  discipline  in  arith- 
metic from  problems  that  are  practical  and  that 
t-is  tendency  is  a  practical  one  there  seems  to 
be  no  room  for  doubt.". 

305.  Smith,  David  E.  and  Certain  Students, of  Teachers  College,  "Number 
Games  and  Number  Rhymes",  Teachers  College  Record,  (November ,1912) , 
13:385-495. 

History  of  Arithmetic  in  Europe.    A  series  of 
studies  edited  by  Professor  Smith  which  give  a 
description  and  historical  account  of  number 
games  and  number  rhymes. 

306.  Smith,  E.  E.  and  Burton,  W.  H. ,  "Effect  Upon  Achievement  in  Arithmetic 
Reasoning  and  Arithmetic  Computation  of  a  Supervisory  Program  Empha- 
sizing Computation",  Educ at ional  I.Te t ho d ,  (February,  1933),  12:267-71. 

An  investigation  to  determine  the  affect  upon 
both  reasoning  and  computation  of  a  program 
stressing  and  emphasizing  computation.  Grades 
three  to  six  (ten  groups  in  all)  434  pupils 
were  used.    Mean  grade  scores  were  found  for 
those  classes  having  supervision  and  those  not. 
Concludes  that  gains  under  supervision  are 
greater.    Experiment  covered  a  period  of  eight 
mont  hs . 

307.  Smith,  Elsie  W.,  "Mental  Confusion  in  Arithmetic",  Forum  of  Education, 
(November,  1929),  7:211-26. 

A  unique  study  of  the  mental  processes  of  students 
in  and  English  Training  College  in  solving  arith- 
metic problems.    Students  rated  the  degree  of  their 
mental  clearness  or  confusion  according  to  a  pre- 
pared scale,    rhe  ratings  are  accompanied  by  many 
concrete  illustrations  of  the  nature  of  the  con- 
fusion. 


308.  Sneddon,  D.  S.  "Proposed  Functional  approaches  to  Impro vement s  of 
Problem  Work  in  Arithmetic , "Education,  (April,  1934),  54:461-64. 

In  season  and  out  of  season  school  work  should 
connect  with  life  and  teaching  takes  place  only 
when  children  are  reached. 

309.  South  Dakota  State  Board  of  Education,  State  Course  of  Study,  The 
Board,  Pierre,  South  Dakota. 

Appearing  in  the  course  of  study  are  reports 
of  the  experimental  development  of  curriculum 
units  suitable  for  various  grade  levels. 

310.  Spaulding,  F.  T. ,  "An  Analysis  of  the  Content  of  Six  Third-Grade 
Arithmetics",  Journal  of  Educational  Research,  (December,  1921), 
4:413-23. 

Studies  six  textbooks  in  an  effort  to  determine 
the  exact  nature  of  the  arithmetical  work  pre- 
sented and  to  provide  a  basis  for  a  judgment  of 
the  extent  to  which  the  textbooks  studied  make 
an  appeal  to  the  immediate  and  probable  future 
needs  and  interests  of  the  pupils  using  them. 

311.  Stevens,  B.  A.,  "Problem-Solving  in  Arithmetic",  Journal  of  Education- 
al Research,  (April,  1932),  25:253-60. 

Stevens  upon  the  basis  of  analysis  of  results 
of  achievement  and  mental  tests  from  3,089  pupils 
in  grades  three  to  seven  by  means  of  zero,  first 
and  second  order  correlations,  found  that  ability 
in  the  fundamental  operations  is  more  closely  re- 
lated to  achievement  in  solving  verbal  problems 
than  in  general  achievement  in  reading.    He  found, 
howev#r,  that  results  from  tests  in  problem-reading 
had  higher  correlation  with  results  from  tests  in 
problem- solving  than  with  tests  from  general  read- 
ing or  from  fundamentals  in  arithmetic. 

312.  Stevenson,  P.  R. ,  "Difficulties  in  Problem- Solving",  Journal  of  Educa- 
tion Research,  (February,  1925),  11:95-103. 

Describes  important  causes  of  failure  in  problem- 
solving  as  a  result  of  a  study  made  by  thirty-two 
elementary  school  teachers. 

313.  .  "Increasing  the  Ability  of  Pupils  to  Solve  Arithmetic 
Problems",  Education  Research  Bulletin,  Ohio  State  University,  1924, 
3:13. 

After  twelve  weeks  of  instruction  data  showed  that 
the  slower  pupils  made  the  greater  gains. 
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314.  Stone,  Cliff  W. ,  "An  Experimental  Study  in  Improving  Ability  to  Reason 
in  Arithmetic".    Report  of  the  Society's  Committee  on  Arithmetic, 
Twenty-ninth  Yearbook  of  the  National  Society  for  the  Study  of  Educa- 
tion, Public  School  Publishing  Company,  Bloomington,  Illinois,  1930, 
pp. 589-99. 

Studies  certain  diagnostic  paractic  tests  as  means 
of  improving  reasoning.    Reported  an  interesting 
investigation  made  with  175  pairs  of  matched 
pupils  in  which  he  found  that  in  reasoning  ability 
those  pupils  using  specially  designed  practice 
exercises  made  significantly  greater  gains  than 
those  not  using  such  exercises  and  the  increased 
ability  obtained  through  the  use  of  such  exer- 
cises transferred  to  the  solution  of  problems 
dissimilar  to  those  in  the  practice  exercises. 

315.   ,  Arithmetical  Abilities  and  Some  Factors  Determining 

vhem,  Teachers  College,  Columbia  University,  Contribution  to  Education, 
No.  19,  New  York,  1908. 

"Stone's  .York  centered  in  comparison  of  the 
product  of  the  first  six  years  of  work  in 
arithmetic  through  a  study  of  the  test  re- 
sults in  twenty-six  school  systems,  his  find- 
ings being  tersely  expressed  by  diversity, 
chaos,  waste.". 

316.  Stone,  John  C,  Standardized  Reasoning  Tests  in  Arithmetic  and  How  to 
Use  Them.  Bureau  of  Publications,  teachers  College,  Columbia  University 
New  York. 

Indicates  the  use  of  standardized  tests  in 
surveys  in  supervision  and  in  teaching  and 
in  improving  teaching. 

317.  ,  The  Teaching  of  Arithmetic,  B.  H.  Sanborn  Company, 
Chicago,  Illinois,  1918,  pp.v,  262. 

Chapter  Thirteen  deals  with,  "the  Purposes 
and  Nature  of  Problems",  and  Chapter  Four- 
teen with  "The  Analysis  and  Solution  of 
Problems",  Both  chapters  are  excellent. 

318.  Stone,  Mildred  B.,  "A  Partial  Survey  of  Studies  Published  in  1930  in 
the  Field  of  Arithmetic  Methods",  Education,  (February,  1932) ,  52:353- 
336. 

Bibliography. 

319.  Stormzand,  Martin  J.,  Progressive  Methods  of  reaching,  ^oughton  Mifflin 
Company,  boston,  Massachusetts,  1924,  p. 375. 

General  Methods,     very  helpful  book  for  niost 
phases  of  loodern  teaching.    L-ives  good  objec- 
tives of  appreciation  and  some  data  on  the 
appreciation  lesson. 
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320.  Strayer  and  yorsworthy,  How  to  Teach,  The  Macmillan  Company,  New  York, 
1924,  p. 297. 

General  Methods.    Some  appreciation  background. 

321.  Stretch,  Lorena  B.,  The  Relation  of  Problem-Solving  Ability  in  Arith- 
metic to  Comprehension  in  Reading,  Contribution  to  Education,  No. 87. 
George  Peabody  College  for  Teachers,  Nashville,  Tennessee,  1931,  p. 47. 

Concludes  that  there  is  a  positive  relation- 
ship between  achievement  in  reading  and  prob- 
lem solving,  and  that  the  two  abilities  in- 
crease together. 

322.  Suzzallo,  rienry,  The  Teaching  of  Primary  Arithmetic,  -toughton  Mifflin 
Company,  ^oston,  Massachusetts,  1912,  pp.x,  123. 

A  critical  study  of  recent  tendencies  in 
method,  showing  the  need  for  a  more  systema- 
tic teaching  of  reasoning  in  Chapter  Eleven. 

323.  Terry,  Paul  W. ,  How  Numerals  Are  Read:  An  Experimental  Study  of  the 
Reading  of  Isolated  Numerals  and  Numerals  in  Arithmetic  Problems. 
University  of  Chicago,  Supplementary  Educational  Monograph,  Chicago, 
Illinois,  No.  18,  1922. 

An  excellent  study  of  methods  employed  by 
pupils  in  reading  problems. 

324.   ,  "The  Reading  Problem  in  Arithmetic",  Journal  of  Educa- 
tional Psychology,  (October,  1921),  12:365-77. 

Reports  the  results  of  an  experiment  to  deter- 
mine the  reading  difficulty  which  pupils  en- 
counter in  solving  problems. 

325.  Thies,  L.  J.,  The  Time  Factor  in  Arithmetic  -rests.  University  of  Iowa, 
Educational  Monograph,  No.  2,  Iowa  City,  Iowa,  1926. 

Analysis  of  time  devoted  to  various  topics 
in  arithmetic  tests. 


326.  Thompson,  J.  B.,  The  Motive  in  Arithmetic",  Journal  of  Education, 
(N.E.),  88:461  (November,  7,  1918). 

Contends  that  if  at  the  beginning  we  take  time 
to  make  children  understand  its  value  and  the 
worthwhileness  they  will  be  stimulated  to 
greater  effort. 

327.  Thorndike,  Edward  L. ,  "Measurements  of  Ability  to  Solve  Arithmetical 
Problem",  Pedagogical  Seminary,  (December,  1914),  21:495-503. 

Reports  a  study  of  success  or  failure  of  some 
4,500  pupils  in  solving  each  of  four  problems 
in  arithmetic  as  a  basis  for  concerning  three 
topics:  educational  scales,  sex  differences  and 
retardation. 
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328.   ,  The  New  Methods  in  .arithmetic,  Rand.McNally  and  Com- 
pany, Chicago,  Illinois,  1921,  pp.xvi,  260. 

Good  book  for  reference  work  in  arithmetic. 
Chapter  seven  is  an  able  treatment  of  the 
modern  conception  concerning  arithmetical 
problems  and  the  technique  of  solving  prob- 
lems. 


329.   ,  The  Principles  of  'reaching,  A.  G-.  Seiler,  New  York, 

1921,  p. 293. 

General  Methods.    A  good  psychological  back- 
ground. 

330.   ,  rhe  Psychology  of  Arithmetic,  The  Macmillan  Company 

Boston,  Massachusetts,  1924,  p. 314. 

Presents  the  applications  of  the  "newer 
dynamic  psychology"  to  the  teaching  of 
arithmetic. 

331.  Tripp,  Myron  0.,  "Changing  Ideals  in  Aiathematical  Instruction",  School 
and  Science  and  Mathematics,  (November,  1930),  30:927-30. 

Concludes  that  reflective  thinking  which 
is  considered  fundamental  to  a  proper  ap- 
proach to  mathematical  science  is  not  being 
sufficiently  developed  at  the  present  time. 

332.  'Twenty-Ninth  Yearbook  of  the  x^ational  Society  for  the  Study  of  Educa- 
tion.   A  Report  of  the  Society's  Committee  on  iarithmetie,  Public  School 
Publishing  Company,  Bloomington,  Illinois,  1930. 

Discusses  certain  crucial  problems  of  arith- 
metic in  such  a  way  as  to  bring  out  the 
theoretical  aspects  of  present  knowledge, 
and  also  brings  out  numerous  practical  ap- 
plications which  make  the  discussions  useful 
to  supervision  teachers. 

333.  rraniello,  Angelo,  The  Jseof  rabies  of  Measurement  in  .cusiness,  Boston 
University  School  of  Education,  Eoston,  Massachusetts,  1930. 

Jj'inds  that  from  fifty  units  of  measurement 
only  twenty-nine  were  actually  required  in 
any  respect  in  a  study  of  six  concerns.  Ad- 
mits the  social  uselessness  of  many  tables 
of  measure. 


334.  Upton,  Clifford  B. ,  "Professionalized  Subject  Matter  in  Arithmetic  for 
Normal  Schools",  Teachers  College  Record,  (January,  1926),  27:416-28. 
Surveys  the  recent  changes  in  the  subject  of 
arithmetic.    Discusses  need  of  adaptation  to 
individual  differences. 
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335.  van  tfagenen,  If*  J.  "Arithmetic:  i-undamental  Operations  and  Ability  to 
oolve  Problems",  Comparative  Pupil  Achievement  in  Rural  Town  and  City 
Schools,  Jniversity  of  Minnesota  Press,  Minneapolis,  Minnesota,  1929, 
pp.  49-60. 

Finds  superiority  of  city  pupils  over  rural 
pupils  in  arithmetic,  boys  superior  to  girls 
in  solving  problems.    Eighth  grade  pupils  in 
each  type  school  surpasaed  seventh  grade  pupils 
of  same  mental  age  in  problem-solving. 


336.  Walker,  Francis  A.,  Discussions  in  Education,  Henry  Holt  and  Company, 
New  York,  1899,  pp. 235-6. 

Criticized  arithmetic  as  taught  in  boston  Public 
Schools.    School  Board  acted  on  Walker's  recom- 
mendation.   Beginning  of  more  or  less  concerted 
action  in  bringing  about  change  in  arithmetic 
curriculum  throughout  United  States. 

337.  tfalkingame,  F« ,  Tutor's  Assistant,  Thomas  v/ilson  and  Sons,  1823,  New 


York. 


A  compendium  of  arithmetic  and  a  complete 
question  book. 


338.  Washburne,  Carleton  I.,  "Comparison  of  two  Methods  of  Teaching  Pupili 
to  Apply  the  Mechanics  of  Arithmetic  to  the  Solution  of  Problems", 
Elementary  School  Journal,  ( June ,  19 27 ) ,  27:758-67. 

Finds  that  "the  mechanics  ofarithmetic  my 

oe  taught  thoroughly  and  then  applied  to 

practical  problems  or  the  two  types  of  teacn- 

ing  may  be  intimately  related  throughout  the 

teaching  process  with  equal  efficacy". 


339. 


"Functional  Arithmetic",  Educational  Method,  (January, 


1937) ,  16:167-70. 

Critical  Discussion  of  basis  for  selecting 
arithmetic  content. 


340. 


"Mental  Age  and  the  Arithmetic  Curriculum",  Journal 


of  Educational  Research,  (March,  1931),  23:210-31. 

Concludes  there  is  a  minimum  and  optimum  mental 
age  level  for  grade  placement  of  arithmetic 
topics,    to  attempt  to  teach  a  topic  before 
either  is  reached  is  not  merely  a  waste  of  time 
and  effort  on  the  part  of  teacher  and  pupil  but 
dooms  considerable  numbers  of  children  to  failure 
and  larger  numbers  to  a  hazy  knowledge  of  the 
sub  ject . 
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341.  tfashburne,  Carleton  W.,and  LJorphett,  iJabel  V.,  "Unfamiliar  Situations 
as  a  Difficulty  in  Solving  Arithmetical  Problems",  Journal  of  Educa- 
tional  Research,  (October,  1928),  18:220-24. 

Data  from  tests  of  441  children  showing  the 
effect  of  familiar  and  unfamiliar  elements  in 
arithmetic  problems.    Concludes  from  their  in- 
vestigation that  a  much  higher  percentage  of 
the  pupils  attacked  and  solved  correctly  the 
problems  involving  child-like  and  familiar 
settings. 

342.  tfashburne,  Carleton  W. ,  and  Osburne,  Raymond,  "Solving  Arithmetic  Prob- 
lems", Elementary  School  Journal,  (November  and  December,  1926),  27: 
219-26,  296-304. 

Reports  results  of  a  committee  of  investigation 
of  methods  of  teaching  problem- solving.  Stresses 
need  of  much  experience  in  solving  problems.  A 
carefully  controlled  experiment.  Sound  that  special 
training  in  problem  analysis  helped  some  of  the 
slower  pupils,  but  that  it  did  not  result  in 
higher  accomplishments  for  the  class  as  a  whole. 

343.  ,  "Training  Children  to  Solve  Arithmetic  Problems", 
Elementary  School  Journal,  (December,  1926),  27:296-304. 

A  study  involving  the  co-operation  of  eighteen 
different  schools  or  763  children  in  grades  six 
and  seven.    I'his  summarizes  the  second  year  of 
this  study  and  involves  the  relative  merits  of 
three  methods  of  training  children  to  solve  prob- 
lems as  follows:  many  problems,  analysis  of  prob- 
lems and  analogy  that  process  of  training  the 
child  to  see  the  similarity  between  the  more  dif- 
ficult problems  and  simple  oral  problems  of  the 
same  type. 

344.  Watson,  Bruce, "Aim  of  Arithmetic  in  Elementary  Schools",  Journal  of 
Education,  (Septemoer,  30,  1915),  82:291-2. 

Suggests  "large  units  of  study  which  are  intense- 
ly practical".    Bases  units  on  universal  concern. 
Under  one  of  his  aims  he  suggests  rapidity  and 
perseverance* 

345.  ,  "Fallacies  in  Arithmetic  Teaching",  Journal  of  Educa- 
tion, (February  17,  1916),  83:181. 

Points  out  fallacies  in  arithmetic  and  concludes 
that  "the  most  important  thing  in  all  problem 
work  is  that  the  pupil  visualize  the  problem  in 
all  the  relations  it  involves.    This  makes  arith- 
metical operations  purely  mechanical". 
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346. 

West,  Guy  A. ,  "The  Skills  Involved  in  Problem-Solving  in  Elementary  School 
Arithmetic",  Mathematics  Teacher,  (October,  1930),  23:379-81. 
Presents  an  analysis  of  factors  in  problem- 
solving  and  a  brief  summary  of  the  results 
of  an  investigation  of  forms  of  statement 
used  in  problems  in  textbooks. 

347.  Wheat,  Harry  G. ,  "The  Importance  of  Cultivating  General  Ideas  in  Arith- 
metic", Education,  (April,  1932),  52:450-4. 

Professor  //heat  believes  that  arithmetic  should 
be  taught  by  wholes  rathar  than  by  parts. 


348.  ,  The  Relative  Merits  of  Conventional  and  Imaginative 
Types  of  Problems  in  arithmetic,  1'eachers  College  Contributions  to 
Education,  No.  359,  Teachers  College,  Columbia  University,  New  York, 
1929,  pp.iii,  123. 

Finds  little  difference  between  completely 
stated  imaginative  situations  and  formal  state- 
ments of  abstract  problems  so  far  as  pupils' 
responses  are  concerned.    Results  analyzed  in 
various  ways, 

349.  White,  Helen  M. ,  "Does  Experience  in  the  Situation  Involved  Affect  the 
Solving  of  a  Problem?"  Education,  (April,  1934),  54:451-5. 

Summary  of  original  study  -  shows  the  value  of 
basing  problems  on  situations  with  which  the 
child  has  had  experience. 


350.  ,  Relation  of  an  Understanding  of  the  Situation  In- 

volved in  a  Problem  and  Success  in  its  Solution,  Boston  University 
Graduate  School,  Master's  Thesis,  Boston,  Massachusetts,  1932 
Study  of  responses  of  1,000  children  in  six  B  to 
twelve  problems  stated  in  unfamiliar  situations 
and  a  similar  number  of  problems  of  equal  diffi- 
culty stated  familiar  situations.    Found  that  in 
other  than  easy  problems,  the  non-familiar  situa- 
tion was  a  highly  significant  factor  in  the  selec- 
tion of  wrong  processes,  in  omission  of  problems, 
and  in  the  failure  to  complete  a  problem. 


351.  Wilson,  Dorothy  W.,  "Teaching  Denominate  Numbeis  and  Measures",  Sduca^ 
tional  Method,  (January,  1937),  177-81. 

Gives  data  showing  the  knowledge  of  various  units 
of  measure.    Based  on  a  group  of  2,819  children 
and  adults,    ihis  should  be  used  as  a  foundation 
for  numbers  used  in  problem  units. 

352.  Wilson,  Estaline,  "Improving  the  Ability  to  Read  Arithmetic  Problems'' 
Elementary  School  Journal,  (January,  1922),  22:380-6. 

Emphasizes  the  importance  of  giving  pupils 
specific  instructions  in  reading  problems. 
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353.  Wilson,  Guy  M.  "A  Courae  of  study  in  Elementary  Matheiaatic",  ,/arwlck 
and  York,  1918. 

A  course  of  study  worked  out  by  Superintendent 
Wilson  and  his  teachers  after  examining  many 
courses  of  study  and  terts.    based  on  the 
"sentiment  and  good  will  of  the  business  men 
of  Conner sville. 

354.  ,  "Arithmetic  and  the  Taxpayer",  Journal  of  National 
Education  association,  (July,  1931),  20:221-2. 

Reviews  the  differences  of  opinion  between 
the  taxpayer  and  the  school  over  what  the 
school  is  doing  in  arithmetic.    To  eliminate 
these  differences  five  major  propositions 
are  suggested,  the  fifth  based  on  the  written 
problem. 

355.  ,  A  Survey  of  the  Social  and  business  Usage  of  Arithme- 
tic, Columbia  University,  Teachers  College  Contributions  to  Education, 
No.  100,  1919 

Finds  that  the  problems  reported  by  business 
men  and  other  citizens  as  actually  occurring 
in  every  day  life  are  brief  and  simple. 

356.    ,  "Bibliography  -  Written  Problems  in  Arithmetic", 

Education,  (April,  1934),  34:480-3. 

Unannotated  bibliography  of  eighty-five 
references  -  Useful  guide;  group  deals 
with  problems. 

357.  ,  "Criteria  of  the  Written  Problem  in  Arithmetic", 
Education,  (April,  1934),  54:457-60;  502-4. 

Proposes  a  new  deal  on  the  basis  that  (1)  the 
textbook  isolated  problem  be  abandoned.  (2) 
That  child  experience  become  the  basis  for  all 
written  problenss.    An  excellent  summary  on  the 
criteria. 

358.  ,  ivtotivation  of  Arithmetic,  Bureau  of  Education  Bulletin 
No.  43,  Government  Printing  Office,  V/ashington,  D.  C,  1926,  pp.iv,  60. 

Concrete  situations  to  be  used  in  motivating 
arithmetic.    Suggestions  for  informational 
units  together  with  grade  level  at  which  they 
have  been  used. 

359.  ,  "New  Standards  in  Arithmetic":  A  Controlled  Experi- 
ment in  Supervision.    Journal  of  Educational  Research,  (December ,1930) , 
22:351-60. 

Reports  the  value  of  an  enriched  program  of  arith- 
metic in  the  lower  elementary  grades.    In  the  schools 
that  participated  in  this  study,  arithmetic  was  not 
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taught  as  a  formal  subject  in  the  first  two  grades. 
In  place  of  formal  drill  work  on  numbers  facts  and 
processes,  in  the  second  grade  a  wide  variety  of 
activities  and  units  of  work  emphasizing  the  mean- 
ing and  applications  of  number  in  the  lives  of 
children  was  introduced.    Excellent  reference 
material  to  note  changes  in  drill  phase  of  arith- 
metic. 


360.  ,  "Paying  for  Useless  Arithmetic",  Education,  (March, 

1935) ,  55:428-30. 

Arithmetic  usage  in  adult  life, 

361.  ,  "Present  Impasse  in  Arithmetic ",  Educational  Methods, 
(November,  1931) ,  11:65-72. 

Summarizes  the  thinking  of  progressive  supervisors 
the  country  over.    The  author  suggests  that  arith- 
metic be  based  upon  meaning  first  and  adaptation 
to  really  useful  purposes.    An  excellent  review  of 
the  trends  in  arithmetic. 


362.   ,  "Replacing  the  Isolated  Written  Problem",  National 

Sducational  association  Journal,  (April,  1936) ,  25:114. 

An  excellent  article  indicating  the  needs  of 
arithmetic  of  today.    100$  accuracy  in  useful 
drill  with  meaning  and  judgment  in  a  new  type 
of  written  problem  unit.    A  few  suggestions 
are  given  as  to  how  the  written  problem  work 
in  schools  can  be  placed  on  a  rational,  judg- 
ment basis. 

363.  ,  "Research:  Suggested  Standards  for  Summarizing  and 
Reporting  Applied  to  ino  Recent  Summaries  of  Studies  in  Arithmetic", 
Journal  of  Educational  Research, (November,  1934),  23:187-94. 

A  critical  analysis  of  two  bibliographies  on 
arithmetic  for  the  year  1930;  one  prepared  by 
United  States  Office  of  Education,  and  the 
other  by  author  of  present  bibliography. 

364.  ,  "The  School  Pupil  Survey  in  Arithmetic:  A  1925  Com- 
parison", Elementary  School  Journal,  (November,  1926),  27:187-93. 

Studies  types  of  arithmetic  used  by  adults. 

365.  ,  What  Arithmetic  Shall  <Ve  Teach?  Houghton  Mifflin  Com- 
pany, Chapter  Thirteen,  Boston,  Massachusetts,  1926. 

An  elaborate  example  of  one  method  of  making  a 
curriculum.    He  concludes  that  usage  is  much 
simpler  than  present  school  practice,    rie  feels 
that  "arithmetic  in  the  grades  is  justified 
only  on  the  basis  of  its  utility  in  the  common 
affairs  of  life". 
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366. 


367. 


 ,  "With  the  Editor",  Education,  (April,  1934),  54:502-4, 

Shows  way  out  of  the  load  of  the  traditional 
isolated  problem. 

  .  and  Conner sville  Indiana  Teachers.  Conner svi lie  Course 


of  Study  in  Mathematics  for  the  Elementary  Grades,  Warwick  and  York, 

Inc.,  1922,  revised,  p. 14. 

cased  on  results  of  questionnaire  of  business 
requirements  of  community.    Recommended  elimina- 
tions. 
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